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EXECUTIVE SLMMARY 

We have developed alpha specuoscopy and thermal ionization mass spectrometry 
mMS) measurement techniques capable of detecung 239+230Pu and 241Am at 0 01 
p c f i  concenuanons using 2 L water samples collected from the holding ponds at the 
Rocky Flats Plant (RFP) Expenments venfied that alpha s ectroscopy and TIMS meas- 
urement techniques were comparable at the 0 01-0 5 pCi 235+240Pu/L concentrations A 
review of the alpha spectroscopy results obmned dunng this study indxates that the 
analyncal uncertsunty associated wth samples conmning o 01 PCIL of 239+2% or 
241Am is 3550% at the 67% confidence level The analytical uncemnty decreases to 
&15% when 005 p c J L  sam les are measured Measurements of water samples traced 
wth varying amounts of 238+240, indicate that the analytical uncemnty for TIMS 
measurements at 0 01-0 5 pCi 239+2%u/L concentrauons is 2 68 at the 67% confi- 
dence level 

I "  

I 

We also developed ultra-sensiave TIMS measurement techniques capable of detecting 
239+240Pu at the 0 001 pCfi level and 241Am at the 0 003 pCIL level using 2 L water 
samples me analyacal uncertamty for TIMS 239+24oPu measurements at o 001 PCI/L 
concentrauons is &50% The analyucal uncenanty associated wth 241Am measurements 
at 0.003 pCdL concentraaons is 250% 

Three plutonium and two amencium chemical separanon schemes were investigated 
These procedures were evaluated for accuracy and sample throughput Separation 
schemes were speclfically developed for separaung plutonium and amencium from wa- 
ters collected from the W P  holding ponds These procedures are fast and produce high 
quality results The procedures descnbed above were applied in studes measunng the 
plutonium and amenaum concentranons in holding ponds Al, A2, A3, A4, B1, B2, B3, 
B4, B5, C1, C2 and the effluent of the water treatment plant (STPEFF) The results of 
these studies and thelr significance are discqssed in deml 
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This work provldes answers to a vanety of questions pertaming to the charactematton of 
surface waters at the Rocky Flats Plant (RFP) The pnmary thrust was the development 
and tesnng of analytical procedures for measunng plutonium and amenciurn concenua- 
Qons in water samples A summary of all chemical procedures and analyncal results col- 
lected in support of this project is included in the appendxes The chemical procedures 
arc summanzed in Appendces 1-5 The TIMS measurement procedures are summanzed 
in Appenhx 6 The ~ a l y ~ c a l  results obwned by TIMS measurement techniques are re- 
ported in Appendix 7 The alpha spectroscopy results are reported in Appenhx 8 and the 
alpha spectms~opy QA/QC results are reported in  Appendix 9 Appenlx 10 1s a 
compilatlon of samples analyzed by both alpha spectroscopy and TIMS measurement 
techniques 

A w o n  of the analyncal measurements was performed in support of Tasks B and C 
Polzer and Essington documented the results for Task B in,  "The Physical and Chemical 
Charactenzanon of Rdonuclides in the Surface Waters at Rocky Flats Plant *I1 Tnay 
documented the results for Task C in, "Report on the Effecnveness of Flocculation for 
Removal of 239Pu at Concentrauons of 1 pCdL and 0 1 pCdL '12 

2. Summary of Accomplishments 

2.1 Analyses Performed 

Table 1 is a nummcal tabulanon of the analyucal measurements performed in suppon of 
contract LATO-EG&G-9 1 -022 

Table 1 

Analyses Performed in Support of Contract LATO-EG&G-9 1-022 

Purpose of Analysis 

Pond Water Charactemation 
Pond Water Characterization 
Pond Water CharactCritaaan 
Task B Support 
Task C Support 
Methods Development 
QMK 
QW 

Insaumental Method Element AnaIyzed 

TIMS 
Alpha Specuoscopy 
Alpha Sptcuoscopy 
TIMS 
TIMS 
TIMS 
Alpha Spectroscopy 
TIMS 

Plutonium 
Plutonium 
Amcncium 
Plutonium 
Plutonlum 
Amencium 
Plutonium 
Plutonium 

No of Analyses 

107 
162 
31 
24 
41 
28 
23 
42 
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2.2 Program Support Activities 

The program support actlvitles have previously been reported Secnon 2 2 lists those 
actwiaes. 

2.2 1 Developed approved vendors list 

2.2 2 Validated punty of reagents obmned from commercial vendors 

2 2 3 Developed data base for analytlcal results 

2 3  Summary of Procedures Documented 

The sample management protocols have previously been reported Secnon 2 3 1 lists the 
protocols developed in support of this project Secnon 2 3 2 hsts the analyacal proce- 
dures developed in support of this project 

2.3.1 Sample Management Protocols 

Cham of custody 
Sample collecaon 
Shipment of mmc acid 
Sample preservation 
Sample contiunet packagmg 
Sample conmner shipment 

Sample dismbuaon 
Shipping conmner return 

Sample rcce1vlng 

23.2 Analytical Procedure Documentation 

Plutonium Scparanon Procedure 1 (Appendx 1) 
Plutomum Sepmon Procedure 2 (Appcnhx 2) 
Plutonium Separation plocedm 3 (Appendix 3) 
Amtriclum Separanon Proccdurc 1 (Appenchx 4) 
Americium Stparanon Procedure 2 (Appen&x 5) 
TIMS Measurement proceduns (Appenlx 6) 
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I 3 Preliminary Experiments 

The statement of work rtquued that we investigate ways to rapidly obtam accurate meas- 
urements of the acanide concentrations in the holdng ponds at W P  A senes of expen- 
ments was performed to venfy that the methods developed produced accurate data 
Summanzed below are the pemnent problems 

3.1 Sample Throughput 

The RFP pond water study requires that large numbers of samples be analyzed in a 
umtly manner The best way to increase sample throughput is to analyze small aliquots 
of water by Sensinve measurement techniques The statement of  work required that we 
invemgate methods for determining plutonium and amenciurn at the 0 05 pCdL and the 
0003 pCdL levels Alpha spectroscopy and TIMS are capable of detecung plutonium 
and amencium at the 005 pCfi level from 2L water samples TIMS can detect pluto- 
nium and amenciurn at the 0003 pCdL level from 2 L water samples All future work 
for Task A was predicated upon a 2 L water sample size 

It was determined that the best way to prepare a 2 L water sample for achnide analyses 
was evaporation. Two hers of water can be evaporated quickly Samples can be left 
unattended on a hot plate overnight Evaporation rates increase when a stream of dry air 
is passed over the surface of the water Sample evaporation is not the limiung factor for 
sample throughput Sample throughput is limited by the amount of  time it takes to 
chemically process the sample and/or the amount of insnvment measurement ume avail- 
able. 

The plutonium and amenciurn in the waters from the holdmg ponds at RFP must be sepa- 
rated from the cfissolved mnerals present in the samples before they can be measured 
Chemical separauon and punficauon techniques are not 100% efficient A portion of the 
plutonium and amenciurn 1s lost dunng processing This loss can be determined b iso- 
tope drluaon measurement techniques A known amount of  "isotopically pure" J42Pu 
and/or 243Am is added to the sample pnor to processing These tracers are equilibrated 
with the actlnides present m the sample before chemical processing is initiated This 
prowdes a means of correcnng for chemical yield so the true plutonium and amencium 
concenuauons can be detemned. Sample - tracer equilibration is most easdy accom- 
p M c d  by hcatmg the sample in a strong mineral acid This should be done after the 
sample has been concentrated and before chemical processing is iniaated It is best to add 
the acid pnor to "boddown " This acid dsgesuon ads in sample-tracer equilibraaon and 
may facihtatc chemcal processing - 

Achnide conctntrahon by ion exchange chromatography and scavengmg were investi- 
gated as potenhal methods for concentraang the plutonium and amencium in RFP pond 
water samples It was the authors' opmion that these techniques were unnecessary The 
RFP pond water IS a simple m a m  and the actinide conctntranons are easy to measure in 

small sample aliquots Achnide concenaaaon by ion exchange chromatography or scav- 
e n p g  techniques should be reserved for large samples having complex mamces Ion ex- 
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change chromatography or femc hydroxide scavengmg are the methods of choice for 
isolaung plutomum from 200 L samples of sea water They are "overlull" for the WP 
pond water samples These techniques may actually jeopardize the valihty of the analyti- 
cal results Concentmuon by ion exchange chromatography or scavengmg pnor to sam- 
ple-tracer equdibrauon is nsky Scavenging techniques like the Montmonllonite-Catfloc 
technique repoxted by Tnay in support of Task C work regardless of the form of the 
plutonium that is present and provide effective methods for removing actinides from 
large amounts of water However, no significant ame gam would be achieved by apply- 
ing the technique to the 2 L pond water samples that are required to meet the analytical 
goals of this project 

3.2 Sample Homogeneity 

There is an inherent pitfall in analyzing very small aliquots of water from the holding 
ponds at RFP The W P  pond waters are not pure solunons Inhomogeneities in the acti- 
nide concentrations exist. Much of the pIutonium in the RFP pond water exists as parti- 
cles or colloids Therefore, it is extremely misleading to analyze a single 0 5 cc water 
sample by an instrumental measurement technique and then use that datum to extrapolate 
to the total achnide content of the holding ponds 

An expenment was conducted to determine the homogeneity of the waters in the WP 
holdmg ponds It was necessary to perform this expenment to ensure that analyses of 2 L 
water samples would provide npnsentauve results Three 2L aliquots from a large sam- 
ple of C2 pond water were analyzed for their lutonium content by TIMS Values of 4 10 
x 10-2, 5 34 x 10-2 and 4 03 x 10-2 pCi 239+24oPu were obtuned The coefficient of 
vanaaon (CV) among the mplicate samples was 16% A field blank consisnng of de- 
ionized water was run simultaneously This blank was handled in the field and in the 
laboratory in an idenhcal manner to the C2 pond water sample The field blank contained 
less than 5 x 10-4 pCi 239+2'%u/L The homogeneity of ponds A4 and B5 were not as- 
sessed These ponds have extremely low achnide concentrations Determination of Sam- 
ple homogeneity at the 0 003 p C i i  level is very expensive, tdous and labor intensive 
These measurements were beyond the scope of this study 

The 16% CV for the plutomum content of pond C2 must be considered a "snapshot-in- 
hme" and not a hard and fast number. The majonty of the plutonium in the RFP vicinity 
is in the soil. Thls plutonium may be particulate m nature or it may be present in some 
other form that is attached to native soil pamcles When left undsturbed, the plutonium 
tends to bmi wth the soil and become less avulable for transport. Earthwork that dis- 
turbs the grass cover of the soil tends to increase erosion Increased erosion transpons 
more soil and its asssocllited plutomum into the holdmg ponds (The holdmg ponds were 
established to collect any plutonium being transported by water ) There is a finite chance 
that any incnaSe in erosion rates wll also mcrease the number of "hot pmcles" being 
introduced mto the holdmg ponds. Sample inhomogeneity incnases as the number of 
"hot paracles" mcrcases Therefore, the mhomogeneity of the plutonium content of the 
holdtng ponds may vary as a funcaon of the extent and duranon of earthwork being con- 
ducted 
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3.3 Sample Stability 

Samples collected at RFP were shipped to Los Alamos National Laboratory (LAhi) for 
andyses. Expenmenu were performed to venfy that the actinide concentrations in the 
samples received at LANL were representative of the acunide concentrahons in the 
samples collected at RFP Actlnides can adhere to the walls of the shipping contamers I f  
this happens the acnnide concentrauons in the water can change with ame If the acti- 
nides adhere to the sample shipping container, there is a probability that they will not be 
lransferrcd into the abquot of water being analyzed The problem may be circumvented 
by stabilinng the water at the ame of collecuon Samples were acidified in the field with 
nitnc acid The acid prevents the acanides from adhenng to the walls of the conmner 
The protocol used to stabilize the samples for this study is comparable to the protocol 
used by the Environmental Rotection Agency (EPA)3 Samples stabilized by the EPA 
protocol reman stable for long penods of ume All analyses in support of this study were 
completed wthin approximately 3 months of sample collection A senes of expenments 
was performed to venfy that the RFP water samples remaned stable una1 they were 
analyzed RFP pond water samples were traced with precisely determined amounts of 
244Pu comparable to the 239h  contents of the C2 pond waters The *'%I was known 
to be in solunon and in the +4 valence state Aliquots of these samples were analyzed 
immelately for thelr 2 % ~  and 2'%u content by TIMS techniques The remillnder of 
the samples were stored in the laboratory Aliquots were drawn 14 days and 73 days later 
for plutonium analyses The results are shown in Table 2 

Table 2 

Sample Stability Studies 

R F Sample # Separaaon Date 239Pu Atoms/L 2'%1 Atoms/L 244Pu MeadAdded 

sw60179wc 01/07/92 1 35 10+9 2 17 10+9 0 995 
SW60179WC 01/24/92 130 10+9 1 97 10+9 0904 
SW60179WC 03/31/92 1 23 10+9 2 03 10+9 0 931 

SW6018OWC 01/07/92 1.78 x10+9 2 12 10+9 0 972 
SW6018OWC 01/24/92 1 42 x 10+9 2 33 10+9 1071 
SW6018OWC 03t31/92 1 36 x 10+9 2 16 10+9 0 991 

SW60181WC 01107/92- 1 32 x 10+9 2 02 10+9 0 927 
SW60181WC 01/24/92 1 23 10+9 2 07 10+9 0 950 
SW60181WC 03/31/92 157 10+9 2 19 10+9 1 005 

The 2aPu concentranons detected in each aliquot were consistent wth the amount of 
2aPu added to the samples The mean ratio of 244Pu detected to 2'%1 added was 
0.972 2 5.2 I. The CV's for the atoms of 239h in samples SW60179WC, SW6018OWC 
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SW60181WC were 5%, 15% and 13% respectively The CV's for the 239Pu concentra- 
hon levels measured were consistent with the 16% CV determined in the sample homo- 
geneity study The CV's for the atoms of 24Pu in samples SW60179WC. SW6018OWC 
and SW60181WC were 5 0 8 ,  5 2% and 4 2% respectively The largest (5 2%) CV for 
the 24.1Pu concentranons may be indicative of the analytical uncemnty of the measure- 
ment since the *'% was added as a true solution Additional tests of analytical uncer- 
u n t y  are descnbed in sccuon 3 4 

Next, shippmg contamers ongindy conmning C2 pond waters that were andyzed for 
the monthly sampling program were leached wth nimc acid No plutonium was detected 
in the acid at the 0 001 pCi level 

Water samples were collected for alpha spectroscopy analyses on a monthly basis Water 
samples were also collected on the same day at the same location using the same proto- 
cols for alpha spectroscopy analyses in support of the quarterly survey program This IS a 
duplicauon of sampling Often three months elapsed between the analyses of the monthly 
samples and the quarterly samples A review of the amencium and plutonium results 
from these programs indicated that the data were comparable No statisticalIy significant 
bias could be detected These data led the authors to state that the protocols used to stabi- 
lize the pond water samples were CffCChVe 

3.4 Analytical Uncertainties 

Unless stated otherwise all analyucal uncemnties reported in this document are at the 
67% confidence level The analyucal uncertainty associated with the alpha S ~ ~ C ~ Q S C O P Y  

measurements includes the standard deviauon of the sample acuvity, the standard devia- 
uon of the counter background, the standard deviation of detector efficiency for the iso- 
tope of interest, the standard deviahon of the detector efficiency for the measunng the 
isotope ddutlon tracer, the standard dewauon of the tracer recovery fraction, and the 
standard deviatlon of the sample quanaty allquoted The standard deviation of the sample 
achviry and the standard deviation of the counter background are the predominant error 
terms 

A scnes of expenments was conducted to esumate the uncewnty of the techniques used 
to obtam the TIMS data. A plutonium soluaon was prepared from the National Bureau of 
Standards and Technology (MST) Standard Reference Matenal (SRM) 949f This NIST 
ctmfied sample was &ssolved in ultra-pure nimc acid that was prepared by subboihng 
&stdabon. A series of CidUtIOnS was prepared The instrumental uncemnty deterrmned 
from analyses of 12 abquots conmntng 0.05 pCi of plutonium was 2 2% Next, pond C2 
water samples spiked wth 2@Pu and 2 L aliquots were analyzed to assess the uncemn- 
btS associated wth the chmcal processing of the samples These 2"u results are re- 
ported m Table 2. At the present the (-6%) uncertamty denved from these data repre- 
sents our best esumate of the overall uncemnty associated with processing holdmg pond 
waters conwing 0.1 - 0.5 pCdL of plutonium Addmonal expenments are scheduled to 
define the uncemntles assoclattd wth the chemical processing of water samples The 
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l analytical uncemnty attnbutable to instrumentd effects when measunng 0 0 0 3  pCi 
239+2% samples is - 188 

4. Plutonium 

4.1 Plutonium Chemical Separation Procedures 

A vanety of chemcal separauon techniques have been developed for separating pluto- 
nium from water Robust procedures have been developed that are capable of separating 
plutonium from very complex matnces These procedures usually require an ininai plu- 
tonium separauon by lanthanum fluonde precipitauon and/or a liquid-liquid extraction 
F i d  punficmon is accomplished by a Senes of ion exchange chromatographic separa- 
aons This type of procedure has the most universal application, i e ,  they work for al- 
most any sample They produce very pure samples that can be measured by alpha spec- 
mscopy or TIMS However, these chemical separation procedures are long and tedious 
They arc not amenable to high sample throughput 
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Very rapid plutonium sepaxanon procedures have been developed that use a single ion 
exchange chromatography column This is the type of separanon procedure that is usu- 
ally developed for envuanmend studies requmng large numbers of analyses The pnn- 
apal advantage of the single chromatographic column techniques is speed However, 
they do not produce extremely pure plutonium samples Addmon of ion exchange col- 
umns to a chemical scparauon procedure usually increases chemcal punty They also in-  

crease the amount of nme rqumd to process a sample Slngle chromatographic column 
separanon techniques usually produce samples sufficiently pure for alpha spectroscopy 
measurement techniques, they cannot be used to punfy samples for TIMS measurements 
of plutonium and ammaurn at the subpicocune level No chemical separation proce- 
dun has ulnmate speed and ulumate punty Sample throughput is increased at the ex- 
pense of sample punty, sample punty is opumized at the expense of sample throughput 
Chemcal separaaon techniques should be developed for each specific applicanon The 
procedure should be the best compromse between sample punty and sample throughput 

We invesagated three chemcal separaaon procedures for isolanng plutonium from water 
samples collected b m  the holdmg ponds at RFP They are reported in Appendtces 1,  2 
and 3. All thee procedures arc capable of isolatmg plutonium at the 0 01 p C A  level 
kocedures 1 and 3 arc sutable for both alpha spectroscopy and TIMS measurements 
Procedure 2 was developed for alpha spectroscopy measurements Procedure 3 was spc- 
~lfically designed to isolate plutonium from the waters in the holdmg ponds at RFP It 1s 
capable of producing samples for both alpha spectroscopy and TIMS measurement tech- 
niques. We feel that it is the best compromise between sample punty and sample 
thmughput for the RFP pond water study 

Plutonium Separanon Procedure 1 was denved from chemistry developed by Knobeloch, 
~ J O ,  and Efurd 4 All of the data generated using this procedure is reported in Appen- 
&x 7 The procedure was specifically designed to isolate plutonium from large amounts 
of very complex mamx matenals The procedure uses a lanthanum fluonde preclpitation, 
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I an ethyl acetate extracnon and a senes of anion exchange chromatographic separations to 
punfy the sample This procedure produces an ultra-pure plutonium sample that can be 
measured by TIMS The TIMS techniques used to obtam the plutonium measurements 
are documented in Appenhx 6 Our TIMS procedures for plutonium analyses are pub- 
lished 5 ~ 6  

Samples prepared using Plutonium Separauon Procedure 1 are also suitable for alpha 
spectroscopy measurements The minimum detection limit (the 95th percentile of the 
background hsmbunon) for this chemical separation procedure, using TIMS as the 
measurement technique, was 0 001 pCdL when analyzing 2L water samples Plutonium 
Separaaon Procedure 1 comblned with TIMS measurements meets and significantly ex- 
ceeds the requirements in the Statement of Work to develop analytical measurements for 
the plutonium contents of the holdmg ponds at the 0 05 pCfi and the 0 003 p C f i  levels 
The average plutonium recovery from 2 L water samples using this procedure is 70% ? 
20% The chemcal yield decreases as the sample size increases This procedure has been 
used at LANL to set an upper limit of 0 oooO8 pCdL of plutonium by processing 200 L 
water samples The validity of Plutonium Separation Procedure 1 and the TIMS meas- 
urement techniques was venfied by analyzing samples spiked with known quantities of 
the plutonium SRM 949f that was certified by NIST This procedure was used to analyze 
the first water samples received from RFP and it served as the reference method for 
evaluanng the other plutonium chemical separation procedures that were invesugated 
The TIMS instruments used to obmn measurements were calibrated using the NIST 
Standard Reference Matenals (SRM) U-100, (SRM) U-500, and (SRM) U-950, and SRM 
(Pu-9490 

Plutonium Separanon Procedure 2 is a modified version of the chemical separation pro- 
cedure developed by Peters, Knab, and Eberhardt 7 The plutonium is removed from the 
amon exchange column by a 0 36 M HC1 - 0 01 M HF soluuon instead of a NaI - HCI 
soluuon The procedure was designed to isolate plutonium from soils, water, a r  panicu- 
lates, and biologcals for measurement by alpha spectroscopy This procedure was used 
to process all of the RFP water samples analyzed by alpha spectroscopy The results of 
the alpha spectroscopy measurements are reponed i n  Appendx 8 Peters et al , state that 
for rounne measurements urlth 80,000 s counang penods and a counnng efficiency of 
25% the m m u m  dctccuon b u t  (the 95th percenhle of the background cbsmbution) 
for 2 3 9 + 2 ~  is 0 02 pCr per sample. The alpha spectrometers used to measure the RFP 

nd water samples had higher backgrounds in the 238h energy regon than the 
%9+2% energy repon. The lower limit of detecaon for 238pU was approximately 
0.03 pC3 /L. Two her water samples were analyzed in support of the RFP pond water 
study This chermcal scparaaon technique for alpha spectroscopy measurements exceeds 
the rcquuement rn the Statement of Work to develop analyucal measurements for the 
plutonium contents of the holdmg ponds at the 0 05 pCVL level The valiQty of the pro- 
cedure was venficd by analynng ccrnfied plutonium samples prepared by NIST, the 
Envmnmental Rotectlon Agency (EPA) and the DOE Envmnmental Measurements 
Laboratory (EML) The gas propornonal counters used to obtan the measurements were 
calibrated using the NIST Standard Reference Matenal (SRM) 4906-Bl7, the 238Pu 
pnmary standard 
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A senes of "in-house" matenals were prepared by pipetting known amounts of plutonium 
standards into water These samples were submitted as blind QA/QC standards with each 
batch of RFP water samples submitted for alpha spectroscopy analyses Analyses were 
considered under control if the absolute value of the difference between the results ob- 
mned by measunng the "in house" QNQC samples and the certified mean was within 
the propagated standard dewauon of expenmental uncemnty These QNQC protocols 
are descnbed in LANL document LA-11637-MS titled, "Quality Assurance for Health 
and Environmental Chemistry 1988 " 8 The results of this Q N Q C  program are summa- 
nzed in Appendx 9 They venfv the fact that the analyses were under connol dunng the 
processing of each batch of sanyles 

Plutonium Separation Procedure 3 was specifically developed for separating plutonium 
from water samples collected from the holding ponds at the Rocky Flats Plant Analyses 
of the chemical composition of a water sar- le collected from pond C2 allowed us to 
specifically mlor the chemisuy for these smples The chemical composition of the 
water sample collected from pond C2 IS shown in Table 3 

Table 3 

Major Ionic Species Present In RFP Holding Pond Water 

Ionic Species Concentration ( m a )  

Ca++ 
Mg++ 
Na+ 
K+ 
Fe*+ 
Mn* 
s1- 

Ll+ 
Al- 
F- 
cl- 
Sod-- 
NO?- 

34 0 
7 4  
29 0 
7 0  
<o 5 
<o 1 
1 2  
eo 1 
0 1  
0 4  
34 2 
47 4 
23 7 

The data rem m Table 3 wen used as the basis for elirmnaung unnecessary chemical 
processing steps dunng the development of Plutonium Separation Procedure 3 Samples 
can be processed by Plutonium Separahon Procedure 3 in less than one fourth the m e  
required to process samples usmg Plutomum Separanon Procedure 1 This procedure is 
amenable to batch pmcessmg Samples can be processed in batches of &12 by a single 
analyst There are several places in the- procedure where the processing can be halted 
overnight or longer without adverse effects This enables the analyst to increase sample 
throughput by processing several batches of water samples simultaneously The proce- 
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i dure produces samples that can be measured by TIMS or alpha spectroscopy The valid- 
ity of Plutomum Separanon Procedure 3 was venfied by analyzing samples spiked with 
known quannnes of the plutonium SRM 949F The comparability of Plutonium Separa- 
non Procedure 3 and Plutonium Separation Procedure 1 was proven by analyzing all- 

quots of pond (32 water by both chemical separation procedures There was no statistical 
difference in results o b w e d  by the two procedures The minimum detection limit for 
this chemical separanon procedure, using TIMS as the measurement technique, was 
0001 pCdL when analyung 2L water samples This chemical separation technique 
combined with TIMS measurements exceeds the requirement in the Statement of Work 
to develop rapid and simple analytical measurement techniques for quantifying the plu- 
tonium content of the hol&ng ponds at the 0 05 pCfi and the 0 003 pCdL levels 

4.2 Plutonium-238 Results 

Eighty-four water samples were anal zed for their plutonium content by Plutonium Sepa- 

by alpha spectroscopy and the analytical results are reported in Appendix 8 The data 
reducuon techniques and methods for calculating the analyucal uncemnty associated 
with the alpha spectroscopy measurements are documented in Los Alamos National 
Labramy report LA-103000-M, Vol I1 (1992) All alpha spectroscopy measurement 
values arc comcted for counter background A zero value means that the sample count 
rate and the counter background were identical TIMS is not suitable for environmental 
2 3 8 ~ ~  measurements because mce qUantihes of 23% are always present in the samples, 
chcmcal reagents and the TIMS' source and filament matenals This causes an 
isobanc interference that biases the 2% results 

ranon Rocedure 2 The 238Pu and 1 39+240Pu content of each sample was determined 

The plutonium processed at RFP has a 238Pu/239+24oPu alpha actlvity ratlo of - 0 04 
RFP &d not process isotopically pure 238Pu. all of the 238h processed at RFP was as- 
sociated with 239+240Pu Plutonium-238 cannot be chemically fractionated from 
239+2"% III the laboratory or the envvonment Samples havin a 238Pu/239+240Pu 
alpha acavity raho of 0 04 must contam at least 0 75 pCdL of 239+24oh in order to 
have sufficient 238Pu to be detected at the 0 03 pCfi level when analynng 2L water 
saxnples by alpha specaoscopy. No samples analyzed in this study had sufficiently high 
plutonium concentrahons to otmn accurate 2 3 8 ~ ~  measurements  he 2 3 8 ~ ~  concentra- 
nons reponed Appcnd~x 8 arc upper limit values that venfy the fact that no water 
samples collected during this study had 238h levels above the 005 pCdL dmharge 
lunit. Two lim water samples p n d e  an excellent means for detemning that the plu- 
tonium conccntrntions in the holdrng ponds are below the 0 05 pCdL dxharge limits 
Analyses of 2L water samples arc inadequate for detemning the actual 2 3 % ~  concen- 
txahons in the holding ponds at RFP Aliquots rangng in size from 7.5-37.5 L would 
have been required fram pbnd C2 in order to obmn sufficient 238h for alpha spectros- 
copy analyses. Over 240 L water samples would have been rtqurrtd to quannfy the ac- 
tual 238Pu concentraaons in ponds A4 and B5 Even larger samples would have been re- 
quired to measure the 238~1~ content, d any is present, in the effluent of the treatment 
plant (STPEFF). Large aliquots of water must be analyzed by chemical separanon proce- 
dures that use multlple ion exchange chromatographic separations to remove the last 
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I traces of 22*Th and 2Z4Ra that are naturally present in  the W P  holding pond waters I f  

these nuclides are not completely, anomalously high values are obtained because 
the alpha emssion energes of 228Th and 2z4Ra are almost idenncal to the alpha emis- 
sion energy of 238Pu These procedures are tedious and very labor intensive They are 
not amenable to high sample throughput 

4.2 Plutonium 239+240 Results 

The 2 3 9 + 2 ~  data obmned by Plutonium Separation Procedure 1 and Plutonium 
Separahon Rocedure 3 using TIMS Analyses are reponed in Appendix 7 and they are 
summanzed in Figure 1 

figuro 1 
Plutonlum Coneonhotion, In Holding P ondr ot R F P 

ft 0 0 5  

004 

0 03 

0 02 

0 01 

0 
Aug- Sop- Ott- Nov- Doc- Jon- Fob- M a r -  Apr- May- Jun- Jul- Aug- Sop- 
91 91 91 91 91 92 92 92 92 92 92 92 92 92 

Ponds A4, B5, C2 and the effluent from the water treatment plant (STPEFF) were sam- 
pled on a monthly basis. The samples wm shipped to LANL for analyses by alpha spec- 
troscopy and TIMS All of the monthly water samples collected from pond C2 contaned 
sufficient plutolllum far alpha spectroscopy and TIMS measurements The plutonium 
concentrations in ponds A4 and B5 and the effluent from the water treatment plant were 
too low far alpha sptcaoscopy measurements Therefore, the analyucal results obtiuned 
from the monthly samplurgs of pond C2 served as the basis for the companson of the 
measurement techmques A 2 L aliquot of ultra-pure water was spiked with 242Pu and 
processad sunultaneously wth each monthly batch of water samples These process 
blanks yielded a 239+2% concentration of 0 OOO4 pCdL 2 0 0003 pCdL This proc- 
essrng blank made no more than a 15% conmbution to measurements at the required 
0 003 pC& rmnimum dettcaon limt required by this program 

Figure 2 is a graphical representauon of the plutonium concentranons in holdmg pond C2 
as measured by alpha spectroxopy and TIMS Water samples were collected for alpha 
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spectroscopy and TIMS on the same day at the same location using identical protocols 
Both sets of samples were collected, stabilized, and shipped by the protocols established 
for this study. 

0 O "  12 T 

002 t 

F Igure 2 
bnpar i son  of Plutonium Concontrotions in Pond C2 os Moasurod by 

Alpha 5 poctroseopy and 1 IMS 

f i 
m I 

€ 

T -  

I 
& -  

O J  

The upper and lower lmt obtarned by alpha spectroscopy spans the 95% confidence in- 

terval for each plutonium measurement for the monthly pond water sampling program 
Eleven of the 12 sets of waters from pond C2 that were measured by alpha spectroscopy 
and TIMS were not significantly Mfrent at the 95% confidence level The plutonium 
concenuanons measured by alpha spectroscopy and TIMS in the December 1 9 9 1  samples 
were significantly Mfcrcnt. This may be due to the presence of a "hot pamcle" or the 
sample may have been contammated. Insufficient data exist to confirm or refute these 
hypotheses. 

A total of 41 RFP water samples was analyzed by alpha specnoscopy and TIMS The 
analyncal results are reported in Appendix 10 FI ure 3 IS a correlauon plot of 
239+2% measured by alpha specaoscopy versus 236+2% measured by TIMS The 
Y-intercept of -9.987 x 1@ f 2.122 x 1 H s  not significantly hffercnt from rem. The 
slope IS 1.151 f 0.064 (67% confidence interval). These data mdicate that there IS a ex- 
cellent correlation far the dam obtained by alpha specaoscopy and TIMS These data led 
the authors to state that alpha spectroscopy and TIMS arc comparable. Either technique 
can be used to measure the plutonium content of water samples at the 0 01 pCdL level 
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A n ~ e w  of all of the alpha spectroscopy results obtavled dunng dus study inhcates that 
the analyucal uncertainty atsoclpud wtb samples conwng 0 01 ~ C A  Rr/L is 35-509 
The uncaravlty deatases to lS% when 0.0s pCi Pu/L samples arc measure& These un- 
cenamnts arc cmmtrtnt wth counang stausucs and arc nprcsentaave of the results ex- 
pected from 1 "stpte-of-the-ut" en-ntal analyucal laboratory hawng a high sample 

unxnents at the 0 01-0.5 pcih kvd it f 6% The analyacal uncemnty for T M S  ply- 
tocuum measurements u the 0.001 pCJL level is 3550% The unccrcmty decrrases to 
-16% when 0.W pCdL plutonium samples are measmd These analyacal unce~~nues 
are nprcsentntive &e nsuIts expected from a "state-of-the-art" llMS measurement facil- 
'ty 

TIMS s capable of resolving 23% and 2% Table 4 summanus the 240M39Pu 
atom fanos measured m pond Q dunng the course of h s  wesaganon. 

thfougiput d CXceUmt QNQC ~ V S  The analyt~cal ~ncmatnty fat TIMS ma- 
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R F Sample# 
sw60152wc 
sw60159wc 
SW60163WC 
S W 60 1 69 WC 
S W 60 1 69WC 
SW6018 1 WC 
sw60200wc 
sw60213wc 
sw6022owc 
sw60224wc 
sw60232wc 
SW60236WC 
sw60246wc 
s w60249wc 
sw60260wc 
sw6026owc 
SW60261WC 
SW60261WC 
SW60262WC 
SW60262WC 

Date Sampled 
08/28/91 
09mt91 
10/14/91 
11/11/91 
11/11/91 
12/15/91 
01/16/92 
02/19/92 
03/18/92 
04/20/92 
OW1 3/92 
06/16/92 
07/29/92 
08/1 1192 
08/1 3/92 
OW1 3/92 
OW1 3/92 
0811 3/92 
O w l  3/92 
08/13/92 

2u)Pu/z3gPu 4tom Ratio 
0 0519 
0 0504 
0 0529 
0 0526 
0 0527 
0 0522 
0 0472 
0 0523 
0 0420 
0 0571 
0 0488 
0 0565 
0 0578 
0 0537 
0 0567 
0 0587 
0 0558 
0 0683 
0 0483 
0 0426 

239+250pu pCuL 
0 0436 
0 0396 
0 0475 
0 0304 
00316 
0 0.103 
0 0126 
0 0202 
0 0433 
0 0510 
00966 
0 0623 
0 0799 
0 0342 
0 0549 
0 0358 
00405 
0 0502 
0 0539 
00519 

The 2%239h atom raao is often useful for idennfying the source term for 
plutonium For example the 24hd239Pu atom rauo of the plutonium detected in pond 
C2 is 0 05, the 24opu/23% atom ratlo in global fallout is 0 18 9 K n y  and Hardy have 
used the 2 4 0 ~ ~ 2 3 9 ~ 1  atom ranos in soil samples collected in ~oloracio to separate 
source tmns.10 For a grven sample, they were able to detemne the fracaon of 
plutonium that ongmated as weapons grade plutonium and the fracaon of plutonium that 
ongmated as global fallout Cobb e t  al.. measured the 24opu/239Pu atom ranos m 
human lung and h e r  nssucs collected tn Colorado m an attempt to idenafy the source 
terms for any plutonium present m the assues. 1 1 Isotopic finger pnnang of plutonium is 
frequently used rn Iraganon. 
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5. Americium 

5.1 Americium by Alpha Spectroscopy 

Amencium-241 can be detected by alpha spectroscopy or TIMS Both measurement 
techniques use *43Am as the isotope llution tracer for quantifying the amencium con- 
tent of the sample Samples prepared for alpha spectroscopy are traced with icocune or 
less quantiues of 243Am Our limit of detection by alpha spectroscopy for P41Arn iso- 
lated from 2 L water samples is 001 pCfi using 1 day count lengths Environmental 
measurement facilines typically process 0 1-2 L of water and count for 1 day Processing 
larger samples and longer count lengths increase the technique's sensitivity Larger sam- 
ples requve addIhOnd chemcal punfication and the longer counting hmes significantly 
reduce sample throughput 

We invesugated two chemical separation procedures for isolating amenciurn from water 
samples collected from holding ponds at RFP These procedures are reponed in Appen- 
d~ces  4 and 5 Amencium Separation Procedure 1 was used to obtain all of the amen- 
cium values presented in this report using alpha spectroscopy measurement techniques 
These data are presented in Table 4 

The amencium fraction of the samples processed by Plutonium Separation Procedure 2 
was analyzed b Method No ER120 which was developed by D Knab, R J Peters, and 
W Eberhardt r2 The Amenciurn Separauon Procedure 1 reported in Appendix 3 
summanzes the poruons of Method No ER120 used to prepare the RFP pond water 
samples for alpha spectroscopy analyses The complete version of Method No ERlZO is 
published in LAM. document LA-10300-M Method No ER120 is suitable for samples 
having less than 2 g of solid residue The sensitivity of Method No ER120 is limited by 
the background of the alpha spectrometer For routine measurements with an 80,OOO-s 
counting penod and a counung efficiency of 25%. the minimum detection limit (the 95th 
percenule of the background dismbution) is 0 01 pCi for a 2 L  water sample All of the 
amenciurn values measured in this study are reponed in Table 5 "he values reported In 

Table 4 that are less than 001 pCdL arc below the limit of detection and are not 
stansncally lfferent from counter background They are reported for completeness and 
to emphasize the fact that the amencium content of the waters in the holding ponds are 
low and micult to quantify. The average recovc for the 243Am tracer is 57%+14% 
for waters. Thonum-228, 224Ra, 222Rn, and 738Pu interfere wth 241Am alpha 
spectroscopy determinations The valid~ty of the procedure was venfied by analyzing 
cemfied am~iclum samples prepared by NIST and EML In adlaon EM-9 prepared in- 
house materids by pipetmg known amounts of amencium standards in  water These 
samples w m  subrdttcd as blind QA/QC standards with each batch of RFP water 
samples. The result of this QA/W program is summanzed in Appendix 9 The alpha 
spectrometers used to obwn the measurements were calibrated to the NIST standard 
(SRM) 4906-Bl7, the 2 3 8 h  pnmary standard This procedure is amenable to batch 
processing 
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Pond 

A1 
A2 
A3 
A4 
A4 
A4 
A4 
A4 
A4 
B1 
B2 
B3 
B4 
B5 
B5 
B5 
B5 
B5 
B5 
c 1  
c 2  
c 2  
c 2  
c 2  
c 2  
STPEFF 
STPEFF 
STPEFF 
STPEFF 
STPEFF 
STPEFF 

Table 5 

Amencium Content of Holding Ponds at RFP 

RFP Sample 
Number 

sw60171 wc 
sw60172wc 
sw60173wc 
sw60154wc 
sw60154wc 
SW60161WC 
SW60161 WC 
S W 60 1 65 WC 
S W60 1 67 WC 
sw60174wc 
sw60175wc 
SW60176WC 
s w60177 wc 
sw60153wc 
sw60153wc 
sw60160wc 
sw60160wc 
sw60164wc 
SW60168WC 
SW60178WC 
sw60152wc 
sw60152wc 
sw60159wc 
sw60159wc 
SW60169WC 
sw60155wc 
sw60155wc 
SW60162WC 
SW60162WC 
sw60166wc 
sw50170wc 

Sampling Date Alpha results 
PCfi 

11/14/91 
11/14/91 
1 1/ 13/9 1 
08/27/92 
08/27/92 
09/10/91 
09/10/91 
10/ 15/9 1 
11/11/91 
1 l /  14/91 
11/14/91 
11/14/91 
11/14/91 
08/27/91 
08/27 /9 1 
09/09/91 
09/09/91 
10/14/91 
11/11/91 
11/14/91 
08/28/92 
08/28/92 
09/09/91 
09/09/91 
11/11/91 
08/27/92 
08l27192 
09/13/91 
09/13/91 
10/15/9 1 
1111 1/91 

0 027 
0 017 
0 008 
0 002 
0 002 
0 005 
0 001 
0009 
0 007 
0 115 
0 145 
0 017 
0 014 
0 005 
0009 
0004 
0004 
0 003 
0 010 
0 007 
0 029 
0 020 
0 014 
0009 
0009 
0 006 
0 002 
0009 
0 008 
0004 
0 007 

Analytical Uncertainry 

0 003 
0 005 
0 004 
0 002 
0 003 
0004 
0 003 
0 004 
0 003 
0 012 
0 013 
0 005 
0 00.5 
0 005 
0 00s 
0 004 
0 003 
0 002 
0004 
0 003 
0 07 
0 006 
0 003 
0004 
0004 
0004 
0004 
0 005 
0 005 
0 003 
0 003 

Tturty one water samples were analyzed for amencium content Ten of these samples had 
amencium levels above the h u t  of detecuon of 0 01 pCdL No amencium was detected 
in ponds A4 or B5 No amcnaum was detected in the effluent from the treatment facility 
(STPEFF). Whenever the plutonium content of the waters inmd the amencium con- 
tent also increased. The plutonium content of the water samples was always significantly 
higher than the amencium content No samples contaned measurable quanaues of am- 
encium and no plutonium. These facts led the authors to speculate that the amencium 
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i and plutonium were being injected into the pond by a common mechanism. i e ,  tram- 

port of the pmculates by water and/or wind, resuspension of sediments, and/or colloidal 
transport These data do not provide information as to the mechanism of the amenciurn 
and plutonium injection other than the fact that the actinides seem to be entenng the 
water at the same ume 

Table 6 lists the water samples containing measurable quantities of amencium The plu- 
tonium content and the amencium to plutonium alpha activity rauos for these samples 
are also listed 

Table 6 

Amencium and Plutonium Content of RFP Waters 

Pond RFP Sample Number 241-Am (pCdL) 239+240-Pu (pCI/L) 231-Am/239+230 Pu 

A1 
A2 
B1 
B2 
B3 
B4 
B5 
c 2  
c 2  
c 2  

sw6017 1 wc 
sw60172wc 
sw 601 7 4 w c  
sw60175wc 
SW60176WC 
sw60177wc 
S W60168WC 
sw60152wc 
sw60152wc 
s w60159 wc 

0 027 
0 017 
0 115 
0 145 
0 017 
0 014 
0 010 
0 029 
0 020 
0 014 

0 058 
0 029 
0 218 
0 476 
0 061 
0 042 
0 055 
0 066 
0 066 
0 055 

0 466 
0 586 
0 528 
0 305 
0 279 
0 333 
0 182 
0 439 
0 303 
0 225 

The analyucal uncertanties associated with the amencium concentrations measured in 
the 2L water samples analyzed from the holding ponds ranged from 7 5 5 0 %  The ana- 
lytical uncemnues associated wth the alpha specnoscopy measurements of the Pluto- 
nium fractions ranged from 6 5-23% 

The amencium to plutonium alpha acnvlty rabo in matenals processed at RFP is not 
constant. The ratio ranges h m  0.2-0 4 This vanation is explaned by the fact that dif- 
ferent batches of plutonium contam chfferent amounts of 241Pu Plutomum-241 decays 
wth a 14.4 year half Me mto 2 4 1 h  Therefore, the amencium to plutonium alpha ac- 
awty raao vanes as a funcaon of the Z4lPu content and age of the matenal It is interest- 
ing to note that the average amcnclum to plutonium alpha activity raao as detemned by 
the 10 rneaSurementS nportcd in Table 5 is 0 365 2 0 133 This alpha actlvity ratlo is 
consistent wth the alpha acawty raao of rnatenals processed at RFP It is not signifi- 
cantly different from the amenaum to plutonium alpha acavity raho of 0 2 2 0 02 , the 
241Am/239+2% alpha actlvlty raao decay corrected to December 15, 1992, measured 
in the NIST Standard Reference Matenal 4353 Rocky Flats Soil Number 1 The 
241A~*39+240pu alpha actlvlty ratlo measured in the C2 holding ponds in 1988 was 
0 5 3 13 No excess amenaum relaave to plutonium was detected in  the water samples 
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measured at LANL If one assumes that the amenciurn to plutonium alpha activity ratio 
measured in STPEFF is the same as that of the water in  the holding ponds and that the 
plutonium concentrations 111 STPEFF measured by TIMS are correct, one would have to 
process 15-100 L of water to obmn alpha spectroscopy measurements of the amenciurn 
content 111 STPEFF mstcad of an upper limit 

Polzer and Essington reported in then Task B summary that a significant fracnon of the 
plutonium in waters collected from pond C2 was soluble and passed through a 0 02-nm 
filter. Therefore, it is conceivable that the amencium and plutonium can chemically frac- 
uonate Amencium exists in the +3 valence state Plutonium exists in the +4 or higher 
valence state in nature These dfierences in valence may allow the amencium and plu- 
tonium to hcnonate The data summanzed in Table 5 suggests that the amount of 
chemical fiactronation, If any exists, is small and may be very difficult to detect The 
amencium to plutomum alpha acnvity ran0 measured in this study was consistent with 
the mvity  ran0 of matenals processed at RFP These facts led the authors to postulate 
that elaborate expenments requinng the processing of hundreds of liters of pond water 
would be required to study any amencium/plutonium chemical fracnonation phenome- 
non that may be accurnng in the holding ponds Analysis of 1-10 L water samples for 
chemical fracnonauon stud~es IS an exercise In fuulity 

5.2 Americium by TIMS 

Amencium Separanon Rocedure 2 was specifically designed to isolate amencium from 
waters collected from the holdlng ponds at FtFP Amencium Separauon Procedure 1 may 
leave traces of the lanthanide elements in the sample These trace impunnes do not affect 
alpha spectroscopy measurements However, they have a deletenous effect when samples 
arc analyzed by TIMS We developed chemistry specifically designed to optimze TlMS 
measurements The procedure is amenable to batch processing 

For TIMS analyses the amcnaum is separated from thonum and plutonium on an anion 
exchange column using 7.5 HNO3 Next, amencium is extracted from 12 M "03 
into Dibutyl-N-N-Diethylcarbamolphosphonate (DDCP) and back-extracted into 6 M 
HCl This step removes uranium, d u m ,  and calcium Final punficanon is accomplished 
on two anion exchange columns using acetone-hydrochlonc acid These columns s p a -  
rate amcncium from the l a n h d e  elements Preliminary expenrnents using water col- 
lected at RFP from pond C2 indxate that this separanon procedure has a 65% chemical 
veld. Measurements of water samples traced with varytng amounts of amenclum indi- 
cate that the analpcal unccrtamty for TIMS measurements at the 0 05 pCdL level is 2 
6%. The uncertainty 8ssociBttd wth amenclum measurements at the 0 003 pCdL level IS 

50% Ininanon of a r m x d  waste ban at LANL prevented funher refinement of this pro- 
cedure. -- 
Our TIMS analysis ttchruque nqums that samples be traced with 100 pg (346 pCi) of 
243Am Analyses of samples spdced wth amencium venfied that " M S  is capable of 
detechng 241Am in a 2 L water sample at the 0 003 pCdl level The 1 0 0  pg of Z43Am 
nqulrcd for TIMS presents a problem whenever amenciurn and plutonium are analyzed 
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from the same aliquot of water because the alpha decay product of 243Am IS 239Pu 
Plutonium samples traced with 243Am must have the plutonium measurements corrected 
for the 239Pu pxesent in the amencium tracer Evpenments were conducted to determine 
the feasibility of correcnng the plutonium concentrations in RFP pond waters traced with 
242Pu and 243Am The results of these expenrnents are summanzed below 

003 

0025 

002 

0 PI 

c! g 0015 
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001 
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One , 5 and 10 mL aliquots of the 243Am tracer solution prepared for TIMS analyses 
were spiked with z42Pu The plutonium was isolated and measured b thermal ionization 
mass spectrometry to determine the amount of 239Pu present in the r43Arn The results 
are shown in Fig 4 
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Figuro 4 
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These data indrcate that the 23% content of the 243Am tracer was 00027 pGdmL 
Z43Arn splke on June 23,1992 

Two-liter samples of the pond waters collected in May and June were traced wth 1 mL 
of Z43Am tracer and the standard amount of 242Pu tracer used in these studies Separate 
aliquots were paced with 242Pu only The results obtaned for this study are reported in 
Table 7 
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Table 7 

Water Samples Traced With 242Pu And Water Samples Traced With 242Pu and 233Am 

Sample # 

sw60222wc 
sw60222wc 

sw6023owc 
sw6023owc 

sw60223wc 
s w 60223 wc 
SW6023 1 WC 
SW6023 1 WC 

sw60225wc 
sw60225wc 

s w 6023 3 w  c 
sw60233wc 

sw60224wc 
sw60224wc 

sw 60232wc 
s w 6023 2 w c 

Pond 

A4 
A4 

A4 
A4 

B5 
B5 

B5 
B5 

STP EFF 
STP EFF 

STP EFF 
STP EFF 

c 2  
c 2  

C2 
c 2  

2 4 2 h  
Tracer 
X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

243Am 
Tracer 

X 

X 

X 

X 

X 

X 

X 

X 

pc1 Pu/L 
Observed 
0 0029 
0 0050 

00041 
**LIA 

0 0036 
0 0057 

0 0040 
0 0084 

0 0005 
0 0060 

**LIA 
0 0035 

0 0510 
0 0521 

0 0966 
0 1010 

pc1 PUL 
*Corrected 
0 0029 
0 0023 

0 0031 
**LIA 

0 0036 
0 0030 

0 0030 
0 0057 

0 0005 
0 0033 

**LIA 
0 0018 

00510 
0 0491 

0 0966 
0 0983 

*The pCi Pu/L corncted values nported were calculated by subtracang the 0 0027 pCi 
Pu/g of Z43Am uacer from the observed value obtaned from the analyses of the aliquots 
of water splked with both Z42Pu and 243Am The samples traced with 2 4 2 ~  only do not 
require this blank correcnon 

**LIA = The sample was lost in analysis 

The C2P water aliquots aaced wth 2 4 2 h  and the C2 pond water aliquots traced 
with 24 Pu and 243Am provide comparable results once the plutonium conmbution 
from the 243Am tracer 1s sabuacred However, the addmon of 1 mL of the 243Am tracer 
srgnificantly increased the amount of plutonium observed in the waters collected from 
ponds A4, B5, and STP EFF rclaave to previous amounts measured in the ponds using 
aliquots of water traced only wth 2 4 h  The plutonium conmbuuon from the 243Am 
decay contlnues to increase as the amencium decays Falure to rcmove the plutonium 
from the amencium tracer would mean that an ever increasing 239Pu contnbunon would 
have to be subtracted If the plutonium is not removed from the tracer dunng the next 
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two years, this correcaon will be three nmes larger than the amount of plutonium cur- 
rently esmated to be present rn the water in ponds A4, B5 and STPEFF Subtracting a 
blank increases the overall uncemnty associated with the measurements The removal of 
239Pu from the Z43Am and subsequent restandardzation of the tracer by mass specno- 
memc measurement techniques is very labor intensive and expensive 

The results summanzed above led the authors to conclude that plutonium and amencium 
can be analyzed by TIMS from the same aliquot of water without deletenous effects 
whenever the plutonium concentration is above 0 01 pCfi It is more cost effective and 
more accurate data are obtarned by analyzing separate diquots of amencium and pluto- 
nium whenever the plutonium content of the sample IS less than 0 0 1 pCdL 

6.0 General Observations 

Plutonium can be measured at the 0 01 pC& level by alpha spectroscopy or TIMS 
Alpha spectroscopy is the only technique that we know that can consistently and 
accurately measure 2 3 8 h  TIMS is the only technique that we know that can 
consistently and accurate1 measure lutonium concentrations at the 0 003 pCdL level 
TIMS can measure both 239Pu and f40h 

Ammcium can be measured in RFP holding pond waters at the 0 05 pCdL level by alpha 
spectroscopy or TIMS Alpha specnoscopy IS simpler and more cost effecave TIMS 
should be reserved for ultra low level measurements that are below the limits of detection 
by alpha spectroscopy 

Chemcal processing of RFP water samples for alpha spectroscopy and TLMS 
measurements is comparable It takes the same amount of nme to process a sample for 
alpha spectroscopy as it takes to process a sample for TIMS 

7.0 Summary 

We have developed analyacal techxuques capable of measunng plutonium and americium 
at the 0 01 pCdL level usmg both alpha specuoscopy and TIMS. Expenments were 
performed to venfy that the measurement techniques produced comparable results at the 
0.01 pCdL level TXMS measurement techniques were developed to measure plutonium 
at the 0 001 pCJL level and ammcium at the 0 003 pC& level These techmques were 
used to measure amrude conccntmnons m water samples collected from holdrng ponds 
Al, A2, A#, A4, B1, B2, B3, B4, C1, C2, and the effluent from the water treatment 
plant 
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Appendix 1 

Plutonium Separation Procedure 1 

Separation and Punfication of Plutonium for 
Mass Spectrometnc Measurement 

A INTRODUCI'ION 

This separaaon scheme is used to isolate sub-picocune quanuties of plutonium from 
large samples having complex matnces The major steps in the procedure include ( 1 ) a 
fluonde precipitanon, (2) an ethyl acetate extracuon, (3) an anion exchange column 
using 0 1M H2SO4, and (4) an anion exchange column using HCI-HZO~ 

B PROCEDURE 

1 Add 242Pu tracer to the 600 mL Teflon beaker 

2. Add 500 mL of the water sample and 30 mL of HClO4 to the beaker and start the 
evaporanon process using a hot plate 

3 Conunue addmg water to the beaker unhl a total of 2000 mL of water 1s evaporated 

4 Add 30 mL HNO3 and 30 mL of HCLO4 and evaporate to soft dryness 

5 

6 

Add 300  mL of 3M HCI and 5 mg of lanthanum carner 

Warm on a hot plate for at least one hour 

7 Add 4 grams of hydroxylmne hydrochlonde to the sample soluaon Wart 5 
mutes and add 40 mL HF 

8 Turn off the hot plate and let the precipitate settle overnight 

9 Cenolfuge the sample soluaon in a 50 mL polyethylene cenmfuge tube Bscard the 
supernste. 

10. Transfer the precipitate into a 100 mL Teflon beaker and add 10 mL HNO3 and 10 
mL HCLO4, Fume to dryness to remove any residual HF 

11. Transfer the residue hrn the Teflon beaker with two 4 mL poruons of 2 M "03 
into a 50 mL glass cenmfuge tube Saturate the soluuon wth ammonium nitrate 
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12 Add 10 mL of the pre-quilibrated ethyl acetate soluuon to the tube, cap the tube 
with a size 12 Red Cap, and rmx the sample for 1 minute Cenmfuge and transfer 
the ethyl acetate layer to another 50 mL glass cenmfuge tube 

13 Repeat step 12 two addmonal times combining the ethyl acetate extractions 

14 Wash the ethyl acetate soluaon by adding 3 mL of pre-equilibrated 2 MHNO3 and 
rmxing for one minute Cenmfuge and discard the aqueous layer Repeat the wash a 
second ame 

15 Back-extract the plutonium from the ethyl acetate solution by adding 8 mL of Type- 
1 reagent grade water and mixing for one minute Cenmfuge and transfer the 
aqueous layer to a clean 50 mL glass cenmfuge tube 

16 Repcat the back-exaacuon two more times and combine the aqueous layers Discard 
the ethyl acetate 

17 Evaporate the aqueous solution containing the plutonium to dryness Destroy any 
residual ammonium nitrate nmsuning in the cenmfuge tube by addmg 2 mL of aqua 
n g a  and evaporating to dryness 

18 Add 1 mL of 0 1 M H2SO4 to the tube to dissolve the plutonium (See Note 1 )  
Load the sample onto an anion-exchange column that has been preconditioned with 
2 mL of 0 1 M H2SO4 (See Note 2) Rinse the tube with 1 mL of 0 1 M H2SO4 
and add the nnse to the column 

19. Rinse the column with two 1 mL additions of H202-HCl reagent Allow the column 
to dram completely between each H202-HCl addition 

20 Rinse the column with two 1 mL portions of the W-HC1 solution Rinse the hp of 
the column with a sfream of deionized water Discard the eluant 

21 Elute the plutonium into a 50 mL glass cenmfuge tube with three 0 5 mL additions 
of HI-HCl reagent Allow the column to dram completely between each addmon 

22. Evaporate the soluaon to dryness 

23 Add 6 drops of HNO3 and evaporate to dryness Add 6 drops of HCl and evaporate 
to dryness. 

24 Dissolve the sample in 1 mL. of H&-HCl solution and load it onto an anion 
column that has been precon&aoned with 2 mL of the H202-HCI soluaon Rinse 
the tube with 1 mL of the H202-HCl solution and pass I t  through the column Wash 
the column wth 2 mL of 8M HNO3 Rinse the tip of the column with deionized 
water and &scad the eluant. 
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Elute the plutonium into a clean 10 mL quartz test tube using three 1 mL additions 
of concentrated HBr Allow each HBr addition to dram completely before adding 
the next 

Slowly evaporate the HBr soluaon to dryness 

Add 4 drops of HNO3 and 4 drops of HClO4 Heat at 1300 C for one hour R a s e  
the temperature to 1800 C and conunue evaporating to dryness Cool to room 
temperature and cap the quartz tube 

Submit the sample for mass spectromemc analyses 

Note 1 Care must be taken to avoid concentration of the H2SO4 Half molar sulfuric 
acid can remove 1008 of the plutonium from the column 

Note 2 All columns used in this procedure are made from disposable automatic 
pipetteor aps, approximately 7 cm long and 5 mm 1 d A plug of prewashed 
quartz wool is placed in the tip and resin is added to a depth of 2 cm 

C REAGENTS 

242Pu Tracer (2 ng/mL in 2 M "03, calibrated IO NIST standard 9490 
HClO4 conc 
HNO3 conc, 8M, 2M 
H B r  47%(unstabihztd) 
HI 48% (unstabilized) 
HCl conc 
H2SO4 0 1M 
Aqua ngra 3 1 mxture, by volume, of conc HCI and conc "03 
HI-HCl mlxrure 1.9 mture, by volume, of 48% HI and conc HC1 
H202-HCl reagent 2 drops of 30% H202 to 10 mL conc HC1 
HF-HCl reagent; 0.06 M HF 111 conc HC1 
W N Q .  solid 
Bio-Rad macroporous amon exchange resin AGMP-1.50 to 100 mesh 
Thls nsh is premttd by w m i n g  overnight in a mixture of 50% 
conc HCl and 509b Type 1 reagent grade water It is washed 20 tunes wth 
Type I reagent grade water and stored as an aqueous slurry 
Lanthanum camer 5 mg WmL H20 
Re-equilibrated ethyl acetate and 2M HNO3 These reagents are prepared by 
mxmg a 50-50 nuxturc of 2M HN03(saturated wth ammonium nitrate) and ethyl 
acetate in a loo0 mL separatory funnel for 5 minutes and then separaung the two 
layers mto theu respecnvt contiilners 
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Appendix Z 

Plutonium Separation Procedure 2 

Analyses of Plutonium by Alpha Pulse Height Analyses Techniques 

A. INTRODUCTION 

This is a summary of the salient pomons of a plutonium separation procedure for water 
samples which was developed by R J Peters, D Knab, and W Eberhardt of the 
Environmental Measurement Group (EM-9) at Los Alamos NaaonaI Laboratory 
(LANL) The complete procedure is atled "Plutonium in Environmental Mamces - Alpha 
Spectrometry," and is published in the LANL document LA- 10300-M 

B CHEMICAL SEPARATION PROCEDURE 

1 Place tracer(s), an aliquot of the water sample and 10 mL of concentrated "03 in a 
Pyrex beaker and bepn the evaporauon process using a hot plate 

2 Conanue addmg water to the beaker unul a total of 2000 mL of water is evaporated to 
dryness 

3 Add 20 mL of concentrated "03 and heat to boiling When the sample begins 
steaming, CAREFULLY, add 6 drops of 48% HF while swirling the sample Evaporate 
to dryness 

4 Wash down the sides of the beaker with 10 mL of concentrated "03 

5 While heaang the sample, add 30% H202 by drops unuI all organic matenals are 
decomposed 

6 Dissolve the residue m 20 mL of concentrated "03, carefully washing down the 
sides of the beaker 

7 Add 5 mL of concentrated HCl to the beaker and evaporate to approximately 10 mL 
Remove the sample from the hot plate and cool to room temperature 

8 Add 100 mL of 7.2 M HNO3 and 1 mL of saturated H3BO3 to the sample 

9 Add 1 mL of NaNQ soluaon and mix thoroughly Allow the sample to stand at room 
temperature for appromately 1 hour 

10. Pour the sample soluaon through the resin column keeping the resemolr filled wth 
approximately 40 mL of solubon (See notes 1 and 2) 

11 Wash the column with three 40 mL aliquots of 7 2 M "03 
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t 12 Wash the column with two 20 mL aliquots of 8 
to the top of the glass wool plug 

HC1 Allow each aliquot to drain 

13 Elute the plutonium into a new 100 mL beaker with four 20 mL aliquots of 0 36 M 
HCl - 0 01 M HF solunon 

14 Add 1 mL of concentrated HNO3 to the plutonium eluate and evaporate to dryne- 

15 Add 1 mL of concentrated "03 and 5 mL of concenrrated HCl to the residue and 
evaporate to just dry Let the last few drops an dry to avoid baking the sample Repeat 
this step if visible residue remams 

16 Add 5 mL of concentrated HC1 and evaporate using low heat unul first dry spots 
appear 

17 Wash down the sides of the beaker wth 5 mL of concentrated HCI 

18 Cover the sample with plasuc wrap and store for at least 24 hours before 
electroplatlng 

ELECTRODEPOSITION PROCEDURE 

1 Clean the statnless steel planchet with methyl alcohol and assemble the elecuoplating 
cell 

2 Evaporate the sample soluaon on medium heat unul a dry spot appears that cannot be 
covered by swirling the beaker 

3 Add 3 mL of 4% ammonium oxalate solunon to the beaker Transfer this solution to 
an elecaodeposiaon cell wth 0 1 M HCI until the cell is approximately half filled 

4 Electroplate for 30 mnutes at 1 A 

5 While the c w n t  is sull on, quench the reacnon by filling the cell wth 1% NH40H 

6. Empty the cell and nnse the statnless steel planchet wth water followed by methyl 
alcohol. 

7. Heat the planchet to a dull red color in the flame of a Bunsen burner 

Note 1. The anion exchange chromatography column used in the procedure is a glass 
column 197 mm long x 11 mm o d. that tapers to a 5 mm o d outlet The top of the 
column is equipped wth a 102 mm long x 40 mm o d reservou The bottom of the 
column is plugged with glass wool. The column is filled wth AG 1 x 4.50-100 mesh, 
chlonde form anion exchange fesm The resin is pre-conditioned with three 20 mL 
ahpots of 7 2 M "03 
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! 
Note 2. If the amenclum content is also to be analyzed on the sample, save the recovered 
sample solunon &om step 10 and the first 40 mL of 7 2 M HNO3 wash from step 1 1  of 
the chermcd separanon proccdurc 

D REAGENTS 

24% mer 

H202 30% 
243Am tracer d amencium analyses is requmd 

HNO3 conc, 7 2 &I 
HCl conc, 8 M, 1 M, 0 1 M 
HF 48% 
“qOH 1% 
H3B03- satmated 
NaNQ- 1 M 
Ha-NaI reagent. D~ssolve 2 g NaI in 2000 mL of 1 M HCI Prepare fresh daly 
Ammonium oxalate 4% Prepare fresh monthly 
Methyl alcohol 
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Appendix 3 

Plutonium Separation Procedure 3 

bY 
D. W. Efurd and F. R. Roensch 

Separanon and Punfication of Plutomum from 
Rocky Flats Water Samples 

A INTRODUCTION 

This separaoon technique was specrfcally developed for separaang plutonium from 
water samples collected from the holdmg ponds at the Rocky Flats Plant The procedure 
is rapid and produces no mxed waste The pluronium is separated and punfied by a 
Scnes of amon exchange columns 

B PROCEDURE 

1 

2 

3 

4 

5 

6 

7 .  

8 

9. 

10. 

11. 

12. 

Add z42Pu tracer, 800 mL of the water sample and 30 mL of HClO4 to a lo00 mL 
glass beaker and begm the evaporauon process using a hot plate 

Contlnue addmg water to the beaker una1 a total of 2000 rnL of water is evaporated 

Add 30 mL of HClO4 and 30 mL HNO3 and evaporate to soft dryness 

Add 30 mL of HNO3 and evaporate to near dryness, 1 e , 0 5-1 5 mL 

Dissolve the sample in 20 mL of 8 M "03 

Pass the SOlUtIOn through an anion exchange column that has been precondmoned 
with 20 mL of 8 

Rinse the beaker with 10 mL of 8 M HNO3 and pass the nnsc through the column 

F ~ S C  the column with 10 mt of 8 M "03 

Elute the plutonium mto a clean 40 mL glass cenmfuge tube by passing 10 mL of 
0 5 M Ha and 10 mL of KI-HCl sohaon through the column 

Evaporate the 20 mL of solution collected in step 9 to dryness 

Add 2 mt of aqua rep and evaporate to dryness 

Add 1 mL of 0.1 M H2SO4 to the tube to dissolve the plutonium 

"03. (Set notes 1 and 2) 
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13 Load the sample onto an anion-exchange column that has been precondiuoned with 
2 mL of 0 1 M H2SO4 Rinse the tube with 1 mL of 0 1 
nnsc to the column 

H2SO4 and add the 

14 Rmse the column with two 1 mL additions of H202-HCl reagent Allow the column 
to d m n  completely between each Ht@-HCI addmon 

15 knse the column wth two 1 mL pomons of the HF-HC1 solution Rinse the tip of 
the column wth a stream of deionized water Discard the eluant 

16 Elute the plutomurn into a 50 mL glass cenmfuge tube with three 0 5 mL addmons 
of HI-HCI reagent Allow the column to drun completely between each additlon 

17 Evaporate the solunon to dryness 

18 Add 6 drops of HNO3 and evaporate to dryness Add 6 drops of HCl and evaporate 
to dryness 

19 Dissolve the sample m 1 mL of H~OZ-HCI soluuon and load it onto an anion 
column that has been prtcondmoned with 2 mL of the H202-HCI solunon hnse 
the tube with 1 mL of the H202-HCI solution and pass it through the column Wash 
the column wth 2 mL of 8 HNO3 Rinse the up of the column with deionized 
water and &scad the eluant. 

20 Elute the plutonium into a clean 10 mL quartz test tube using three 1 mL additions 
of concentrated HBr Allow each HBr addiuon to dram completely before adding 
the next 

21 Slowly evaporate the HBr soluuon to dryness 

22 Add 4 drops of HNO3 and 4 drops of HClO4 Heat at 1300 C for one hour Ruse 
the temperature to 1800 C and connnue cvaporaung to dryness Cool to room 
temperature and cap the quartz tube. 

23 Submit the sample for analyses 

Note 1. The tnitial separanon of plutonium is accomplished on an anion 
exchange column that IS prepared by adding 3 mL of resin to a Bio-Rad Poly- 
Rep chromotopphy column The final 2 columns used in thls procedure are 
made from dtsposable automaac pipetteor nps, approximately 7 cm long and 5 
mm 1.d. A plug of prewashed quartz wool is placed III the np and resin is added 
to a depth of 2 cm. 

Note 2 The elent from steps 68 should be combined and saved If amencium 
analyses are reqlured 
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C. REAGENTS 

242Pu Tracer (2 ng/mL m 2 M "03, calibrated to NIST standard 9490 
HClO4 conc 
"03 conc, 8 M, 2 M 
HBr 47%(unstabihzed) 
HI 48% (unstabilized) 
HCl conc,05M 
H2SO4 0.1 M 
Aqua regia 3.1 mrxnrrt, by volume, of conc HC1 and cone HNO3 
HI-HC1 mxture- 1.9 mxturc, by volume, of 48% HI and conc HCI 
H202-HCI reagent 2 drops of 305 H2@ to 10 mL conc HCl 
HF-HCl reagent; 0 06 M HF in conc HCl 
Bio-Rad macroporous amon exchange resin AGMP-1,50 to 100 mesh This resin 1s 
prcaeated by warrmng overnight in a rmxture of 50% cone HCI and 50% Type 1 
reagent grade water It is washed 20 m e 5  with Type 1 reagent grade water and stored 
as an aqueous sluny 

- -  
L a  
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Amencium Separation Procedure 1 

Amencium-241 In Environmental Matnces (Less Than 2-Gram Samples)- 
Alpha Spectrometry 

A INTRODUCTION 

This procedure summarizes pomons of the amencium separauon procedure for water 
samples which was developed by D Knab, R J Peters, and W Eberhardt of the 
Envvonmental Measurement Group (EM-9) at Los Alamos Nanonal Laboratory 
(LANL) The complete procedure is Method No ER120, which is titled "Amencium-241 
In Enwonmental Matnces (Less Than 2-Gram Samples) - Alpha Spectrometry," and IS 

published in the LANL document LA- 10300-M The amencium is separated from matnx 
matenal by caaon exchange in HCI It is then separated from most acnnides and 
lanthanides by anion exchange with alcohol-nimc acid soluaon The amenciurn is 
collected by coprecipitatlon on NdF3 The NdF3 IS concentrated on a 25 mrn Millipore 
filter by vacuum filtraaon The Millipore filter is mounted on a stanless steel planchet 
and counted by alpha spectrometry 

B CHEMICAL SEPARATION PROCEDURE 

1 Place 243Am tracer, an aliquot of the water sample and 10 mL of concentrated "03 
in a Pyrcx beaker and begm the evaporation process using a hot plate 

2 Conunue addmg water to the beaker unnl a total of 2000 mL of water is evaporated to 
dryness 

3 Add 10 mL of concentrated "03 and evaporate the soluuon to dryness 

4 Add 10 mL of concentrated "03 and heat to boiling When the sample begms 
steaming, CAREFULLY, add 6 drops of 48% HF while swuling the sample Evaporate 
to dryness. 

5 Wash down the sides of the beaker wth 10 mL of concentrated "03 

6. While heanng the sample, add 30% H2R by drops until all organic matenals are 
decomposed. 

7. fhssalve the residue m 20 mL of concentrated "03, carefully washing down the 
sides of the beaker 

8. Add 5 mL of concentrated HCI to the beaker and evaporate to approximately 1 mL 
Remove the sample from the hot plate and cool 

9. Add 20 mL of 6 M HCl and 1 mL of saturated H3BO3 to the sample 
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10. Evaporate the soluaon to dryness on low heat using either the sample as dissolved 
above or the amencium fkacaon collected from the appropnate plutonium anion 
exchange column 

1 1  Add 20 mL of concentrated HCl to dissolve the sample residue, nnsing the sides of 
the beaker Evaporate to dryness 

12 Add 20 mL of concentrated HCl to the sample and evaporate to 4 mL While the 
sample is sal1 warm, &lute to 50 mL with water 

13 Filter the sample onto the cation exchange column that has been preconditioned with 
two 20-mL aliquots of 0 5 M HC1 (See Note 1 ) 

14 Wash the beaker and column with 10 mL of 0 5 &l HCl 

15 Wash the column with four 25-mL aliquots of 2 M HC1 Let each addition drain to 
the resin before ad&ng the next aliquot 

16 Place a 1 0 0  mL beaker under the column and elute the amencium with three 25-mL 
aliquots of 4 HC1 

17 Add 5 mL of concentrated "03 to the solution and evaporate unul just dry DO 
NOT BAKE 

18 Add 2 mL of 6 M "03 and 3 mL of ethanol saturated with NaN02 Mix and let 
stand for 1 h 

19 Pour the sample through the anion exchange column that has been preconditioned 

with two 20-ml aliquots of fresh 60% ethanol 40% 6 M "03 (See Note 2 ) 

20 Wash the beaker and column wth 5 mL of 60% ethanol 40% 6 M "03 

21. Wash the column with two 20-mL aliquots of 75% methanol 25% 6 M "03 

22 Wash the column with two 20-mL aliquots of 60% methanol 40% 6 M "03 

23 Place a new 100 mL beaker under the column and elute the amencium from the 
column wth two 20 mL aliquots of 60% methanol 4U% 2 5 M "03 

24 Place the beaker on a hot plate and evaporate to dryness DO NOT BAKE 

25 Add 5 mL of concentrated HNO3 to the beaker and evaporate to dryness DO NOT 
BAKE 
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26 Add 5 mL of 1 M HNO3 and 50 microliters of neodymium camer 

27. Add 25 rmcroliters of HF to the sample JUST BEFORE filtenng through the 25 mm 
Mllipore filter. Rocess one sample at a ume and filter immediately 

28 Wash the beaker and the filter tower with 5 mL of 1 M "03 1 M HF 

29. Rinse the tower with 1 mL of 1 M HNO3 1 M HF 

30 Rinse the tower with two 1-mL aliquots of isopropyl alcohol Turn off the vacuum 
after the alcohol has passed through and remove the filter 

31 Mount the filter on a stainless steel planchet and submit for counting 

Note 1 All ion exchange columns used in this procedure are 197-mm-long by 7-mm-1 d 
with a 10O-mL top reservou and a up tapered to 2 mm i d The nps are packed loosely 
with glass wool The canon exchange resin is AG 50x4, 100-200 mesh resin that is 
loaded in the column to a height of 17 cm 

Note 2 The anion exchange column is prepared by transfenng MP- 1 ,  100-200 mesh 
resin sluny into the tube to a settled height of 9 cm 

REAGENTS- 

243Am tracer 
"03 conc, 6M 
HF 48% 
H202 30% 
HCl conc, 4 M, 2 M, 0.5 M 
H3BO3. saturated 
ethanol saturated wth N a N e  

60% ethanol 40% 6 M HNQ 

75% methanol 25% 6 M HNO3 

60% methanol 40% 6 M HNO3 

60% methanol Lu)fxb 2.5 M H N 9  
ncodymun camer 1 mg/mL 
IMHN@*IMHF 
isopropyl alcohol 
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Amencium Separation Procedure 2 

by 
D. W. Efurd, J. Drake, and G G Miller 

Separation and Punfication of Amencium form Waters Containing High 
Calcium Contents 

A INTRODUCI'ION 

We have developed a procedure for analyung amencium from water samples containing 
high calctum contents "he amencium is extracted from 12 M "03 into Dibutyl-N-N- 
Diethylcarbamoylphosphonate (DDCP) and back-extracted into 6 M HCl Find 
punficanon IS accomplished by anion exchange chromatography , 

B PROCEDURE 

1 

2 

3 

4 

5 

6 

7. 

8. 

9. 

10 

Add 243Am tracer, 800 mL of the water sample and 30 mL of 16 M "03 to a 
loo0 mL glass beaker and begin the evaporation process using a hot plate 

Conanue addmg water to the beaker unul a total of 2000 mL of water is evaporated 

Add 30 mL of 16 M "03 and evaporate to near dryness, i e , 0 5- 1 5 mL 

Dissolve the sample in 50 mL of 8 M HNO3 

Pass the soluaon through a large anion exchange column that has been 
precondmoned with 20 mL of 0 5 M HCl and 20 mL of 8 M HNO3 Collect the 
eluate m a clean 250 mL glass beaker (See note 1) 

& n e  the beaker that ongnally contamed the sample with 10 mL of 8 M "03 and 
pass the nnse through the column. 

h s e  the dum with 10 mL of 8 M HNO3 

Place the beaker contarning the eluate from steps 6-8 on a hot plate and evaporate to 
dryness. 

separatory funneL 

Add 3 mL of Dibutyl-N-N-hethyl&arbamoylphosphonate (DDCP) and extract for 
3 mnutes. 

Bssolve the sample II! 50 mL of 12 M HNO3 and transfer the solutlon to a 125 mL 
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11 Allow the separatory funnel to set undisturbed for 1 hour to insure complete phase 
separanon 

12 Discard the aqueous phase 

13 Add 10 mL of toluene to the DDCP 

14 Add 10 mL of 6 M HCl to the separatory funnel and mix vigorously for 1 minute to 
back-extract the amencium AIIow the phases to separate for 5 minutes 

15 Transfer the aqueous phase contaming the amencium from the separatory funnel 
into a clean 60 mL separatory funnel 

16 Repeat the back extracaon two addmonal times using 10 mL aliquots of 6 M HCl 

17 Add 10 mL of toluene to the 60 mL separatory funnel conmning the 6 M HC1 from 
the 3 back-exmctions and rmx for 1 minute Let the layers separate for 5 minutes 
before & s c h n g  the organic layer Repeat 

18 Transfer the hydmchlonc acid from the separatory funnel into a clean 250 mL glass 
beaker and evaporate the soluaon to dryness on a hot plate 

19 Cool to room temperature and add 10 mL of 16 M "03 and fume to dryness 
Repeat 2 nmes 

20 Add 10 mL of 16 M "03 and 10 mL of 12 M HClO4 Fume to dryness 

21 Dissolve the sample ~IL  4 mL of 12 M HC1 Add 12 mL of acetone and mix 
thoroughly Pass the soluuon through a large anion exchange column that has been 
conchaoned with 15 mL of acetone-hydrochlonc acid reagent (See note 2) 

22 Rmse the beaker with 5 mL of the acetone-hydrochloric acid reagent and pass the 
nnsc through the column. 

23 knse the column with 5 mL of the acetone-hydrochlonc acid reagent 

24 Elute the amenam from the column into a clean 30 mL glass beaker with 3 
separate 5 mL addmom of 10 M HC1 

25. Evaporate the samplcto dryness on a hot plate 

26 Add 3 mL of 16 M HNOg and 1.5 mL of 12 M HClO4 and evaporate to dryness 

27 Dissolve the sample in 2 mL of 12 M HCl Add 6 mL of acetone and mix 
thoroughly Pass the soluaon through a small anion exchange column that has been 
concbaoned wth 5 mL of the acetone-hydrochlonc acid reagent 
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28 

29 

30 

31 

32 

33 

34 

knse the beaker with 6 mL of the acetone-hydrochlonc acid reagent and pass the 
nnse through the column 

Rmse the column with 2 mL of the acetone-hydrochlonc acid reagent 

Elute the amencium from the column into a clean 10 mL quartz test tube with 6 mL 
of 10 M HC1 

Evaporate the sample to dryness using a hot plate 

Add 1 mL of 16 M "03 and evaporate to dryness 

Add 4 drops of 16 UHNO3 and 4 drops of 12 &l HClO4 Heat at 1 30° C for 1 
hour Raise the temperature to 1800 C and continue evaporating to dryness Cool to 
mom temperature and cap the quartz tube 

Submit the sample for mass specaomemc analyses 

Note 1 The large column used in this procedure is prepared by adding 3 mL of 
resin to a Bio-Rad Poly-Rep chromatography column The small column used 
in this procedure is made from a &sposable automauc pipetteor np, 
approximately 7 cm long and 5 mm i d A plug of quartz wool is placed in the 
np and nsin is added to a depth of 2 cm 

Note 2 The acetone-hydrochlonc acid reagent must be prepared immediately 
before use 

C REAGENTS 

*43Am Tracer. 9.1 x 1010 atoms 243Am in 2 M HCI, standardized on alpha 
spectrometers whose operatlonal charactensucs have been determined by measunng 
NIST ccrnfied standards 

Bio-Rad macroporous amon exchange resin A G W -  1,50 to 100 mesh The resin is 
pretreated by warrmng ovenught m a mixture of 50% 12 M HCl and 50% Type 1 reagent 
grade water. It is washed 20 tunes with Type 1 reagent grade water and stored as an 
aqueous slurry 

Acetone-hydrochloric acid reagent Mix 1 3 (v/v) 12 M HC1 and acetone 
DI buty l-N-N-Dmh y lcarbamoy lp hosp honate (DDCP) 
Toluene 
HCLO4.12M 
HNO3 16M. 12 8 M 
HCl 12M, lOM.6EZOSM 
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I Appendix 6 

Mass Spectrometric Measurement of Plutonium 
from Rocky Flats Water Samples 

A. Introduction 

This procedure describes the instrument calibration, quality assurance tests, 
sample mounting techniques, instrument operation parameters and calculations 
required to measure the 239Pu and 24oPu in Rocky Flats water samples 

The operations required to achieve the actual measurement of plutonium include 
all of the above elements They must be performed sequentially, and they are dis- 
cussed in the order in which they must be performed 

B, Instrument Calibration 

There are two instrumental parameters which must be determined prior to ana- 
lyzing any sample These are determination of system dead time and determination of 
isotope fractionation 

B1. System Dead Time 

For any pulse counting detector system there is a finite recovery time for the 
pulse amplifier after a pulse is amplified Any ion which arnves at the detector during 
this recovery penod will not be detected This recovery period is commonly referred to 
as "dead time". A correction must be made for the dead time for all ion counting data 
This correction is calculated by Equation 1 

Equation 1 

where N, = measured count rate (countslsecond) 
4 I true count rate (countslsecond) 
t - system deadtime in seconds 

The value fort may be measured electronically or by the use of appropnate iso- 
topic standards. The dead time which is determined by electronic means is only valid if 
the dead time of the pulse amplifier and counter are significantly greater than the dead 
time of the electron multiplier or photon conversion system (e g Daley Detector) used 
to detect the incoming ion For this reason rt is recommended that the dead time 
always be measured both electronically and by appropriate standards 
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I I 
The electronic determination of the dead time may be accomplished in the fol- 

lowing manner A high speed double pulse generator is attached to the input of the 
pulse amplifier. The amplitude of the pulse IS adjusted to match the mean amplitude of 
the output of the ion detector (electron multiplier or photon convertor) as previously 
determined by a pulse height distnbution measurement The pulse width is adjusted to 
mimic the mean pulse width of the ion detector The count rate is adjusted to a level of 
50,000 - 100,000 counts as registered on the counter in the system The double pulse 
separation time IS then vaned until the number of pulses is either halved or doubled 
The pulse separation at which this transition occurs is the dead time of the pulse ampli- 
fier-counter system under test For a properly functioning system this transition should 
be quite sharp (less than 0.5 nanosecond) and reproducable when approached from 
either direction 

There are two methods in which isotopic standards may be utilized for the deter- 
mination of system dead time. The CBNM 072 series of uranium standards provide a 
very simple means of determining system dead time because in each standard the 
235U/23*U ratio IS quite close to 1 In this condition the dead time correction for each 
isotope is identical and may be ignored This permits the use of the measured 
235U/238U ratio for calculation of the isotopic fractionation correction factor by Equation 
2 

Equation 2 

where* R M ~  = measured 235U/238U 

Rc5 .C certified 235U/238U 

h 3  = measured 233U/238U 

R N ~  = 233U/235U corrected for fractionation 

In the CBNM 072 uranium reference matenal senes the 233U abundance is decreased 
for each increase in standard designation The CBNM 072-4 AND CBNM 072-5 refer- 
ence materials have certified *35U/238U ratios of 0 29763 and 0 09931 3 respectively 
These standards provide the most accurate measurement of dead time because they 
provide a sufficiently large differential count rate between the 2mU and the 2sU peak 
intensities while still providing an adequate 2mU intensity for precise counting statistics 
Table I provides an easily interpreted data presentation which demonstrates the rela- 
tionships between count rate and dead time It may be seen that doubling either the 
count rate or the dead time will lead to the same correction For example, the correc- 
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tion for 200,000 cps at 10 nanoseconds is the same as the correction for 100,000 cps 
at 20 nanoseconds. Also, if one measures one peak at 100,000 cps and a second 
peak at 200,000 seconds, the net correction to the ratio IS that calculated for a 100,000 
cps peak The dead time correction is, therefore, a fundion of the differential count rate 
between two peak intensities This forms the basis of the equation for calculating dead 
time from measured data 

Equation 3 

where 

Equation 4 

where 

Et = error due to dead time 
RC3 = certified *33U/238U 

RN3 = 233U/238U corrected for fractionation (Equation 2) 

1 - 7  N M  

t = dead time correction 
E, = error due to dead time (Equation 3) 
RN3 = 233U/238U corrected for fractionation (Equation 2) 
NM = 238U count rate when RN3 is measured 

There is an alternate method of calculating dead time which does not require an exact 
certrfied ratio. The method also provides a check against isotopic contamination of the 
standard used in the method just described. In this second method it is necessary to 
measure the same sample at high count rate (greater than 300,000 cps) and a low 
count rate (- 100,000 cps). Reference Matenal CBNM 072-3 provides the best ratio set 
for this procedure because the 233U peak intensity is still high enough for precise mea- 
surement at the 100,000 CPS *BU intensity 

In this method the measured 235U/238U ratio taken at 300,000 CPS IS taken as 
the true ratio for calculation of fractionation correction for the low intensity measure- 
ment. It, therefore, becomes R m  in Equation 2 RMs at high intensity becomes Rcs in 
Equation 3 and RN3 IS calculated for the low intensity measurement for use in both 
Equation 3 and Equation 4 

In Equation 4 the differential countrate ratio which is shown as NM - 4N3NM is not 
used Instead the term NH - NM IS substituted and Equation 4 is wntten as Equation 5 
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Equation 5 

where NH = the mean count rate at which the 233U/238U ratio was taken 
for the high intensity data set 

and NL = the mean count fate at which the 233U/238U ratio was taken 
for the law intensity data set 

This method of calculating dead time has the advantage that it yields a correct dead 
time value even if a contamination is present for one of the certified values It has the 
disadvantage that small errors in measunng any of the four ratios will cause a larger 
error in the measured dead time (1) 

In practice the dead times measured electronically and by both of the ratio based meth- 
ods should yield values with f 1 nanosecond If significant differences are observed, a 
fault must be expected in either the detector, amplifier, counter system or in the purity of 
the standards used These faults should be identified and corrected before proceeding 
with other measurements. 

Table I 

t 100,000cPs 200,000cPs 300,000cPs 

1.0 x 10-8 
1.1 Xl0-s 
1.2 x 10-8 
1.3 x 10-8 
14xlO-8 
1.5 x log  
2.0 x 108 
3.0 x 104 
4.0 x 108 

1.00102 
1.00110 
1.001 20 
1 00130 
1 .00140 
1,001 50 
1.00200 
1.00300 
1.00400 

1 00200 
1 00220 
1 00240 
1 00260 
1 00280 
1 00300 
1 00402 
1 00603 
I 00806 

100301 
1 00331 
1 00361 
1 00391 
1 00422 
1 00452 
1 00603 
1 00908 
1.01 21 5 

6. ISOTOPE FRACTIONATION FACTOR 

For any thermal ionization process there are physical processes which cause 
isotopic fractionation to occur dunng ion formation. These processes can include (a) 
small differences in isotopic evaporation ratios, (b) small differences in the dissociation 
rates of molecular species, (c) small differences in migration rates through a semifluid 
system (e g. platinum overplate or glass bead ) All of these processes tend to favor 
preferential ionization of the lightest mass early and the heavy mass late in the ioniza- 
tion process. All of these processes are affected by heating rates, final filament temper- 
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ature, sample composition in the region (both elemental punty and molecular species) 
and gas composition in the region near the ionization surface Because these condr- 
tions are difficult to reproduce it has been observed that the most accurate results are 
achieved by analyzing Reference Materials which have been subjected to at least the 
final stage cleaning chemistry and analyzed independently by each analyst Thus frac- 
tionation factors can be process, analyst, instrument and heating protocol specific 

I 

Fractionation corrections are determined by repeated analysis of RMs with well 
certified ratios using controlled and repeatable sample mounting procedures, followed 
by the use of well controlled instrumental pump down and filament heating protocols 
Standards hawng the widest possible isotopic spread between the certified masses are 
chosen. The ratio chosen should, if possible, be as close to 1 1 as can be obtained 
Thus, a sample of 1 I 235U to 2aU or a sample of 1 10 23311 to 238U 

For purposes of calculation, the measured ratio corrected for deadtirne is divided 
by the certified ratio For simplicity the 23312% ratio is prefered to the 2381233 since this 
will yield a number greater than 1 

7Fs = RWRC where RM - measured *33U/238U 

Rc = certified 233U/238U 

7F, 2 ( RM/Rc 1 )/5 (this assumes a linear mass dependence) 

If one arbitranly assigns a value of 1 .OOOO to the lowest mass M, measured then 
the fractionation correction for any other mass (Mx +Y) is 

In this formulation Y is equal to the integral mass difference between M, with 7F, 
= 1 and the mass (X +Y) for which 7F(X +Y) is being calculated 

All of the 7F1 factors for a gnren operator, instrument and procedure combination 
are stored in the fractionation factor file. Therefore, calculation of the corrected ion 
beam intensity is slmply: 

7 b  - x 7Fx 

.ri 
Note: The fractionation factors for a given procedure must be re-evaluated 

when a change is made in chemical separation, frlament loading, or 
filament heating parameters. Changes in vacuum quality within the ion 
source housing may also cause unacceptable alteration of the fraction- 
ation correction. 
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C. Quality Assurance Tests 

The pnmary source of error for environmental measurements is uncontrolled contami- 
nation from external sources A senes of tests are routinely performed to evaluate the 
adequacy of the procedures to control the blank These tests are descnbed below 

Spike Charactenration 

Isotopically pure spikes are a fundamental requirement both for blank evaluation and 
determination of the total plutonium in the sample An appropriate dilution of each 
spike is prepared by dilution in 2M HCI, The isotopic punty of the spike is determined 
by repeated measurement of 1 nanogram quantities on the mass spectrometer For 
thrs program the 239Pu/242Pu and the 239PU/24 Pu ratios of the spike are less than 1 
ppm and the measurement must be performed on a two stage mass spectrometer 
After the isotopic punty of the spike has been determined, the concentration of each 
spike (in atomdgram of solution) is determined from prepared mixes with solutions of 
NBS 949fmetal. This standard is high punty metal certified for both elemental and iso- 
topic content A minimum of two weighed metal pieces is dissolved and diluted gravi- 
metrically to provide solutions of known concentrations At least two weighed mixes of 
each spike and each aliquot of NBS 9491 are prepared for each calibration 

Blank Evaluation 

All reagents utilized for the preparation of spikes, for chemical separations and for sarn- 
ple mounting are prepared in quantities adequate for approximately 12 months of oper- 
ation.. These master solutions are double bagged and stored in class 100 clean air con- 
ditions. Small portions are transferred to small, clean, containers as working solutions 
and for reagent charactenzation tests. Prior to initiation of any analytical procedures 
with a batch of new reagents, the reagents are tested for plutonium contamination by 
spikrng an appropriate quantity (approximately 10 times the quantity to be used in the 
process) with a weighed quantity of spike. The solution is evaporated to dryness, 
mounted by our standard procedure, and mass spectrometrically analyzed for isotopic 
content. The quantity of any isotope rn the test sample can be calculated by the follow- 
ing isotope dilmon equations: 

ATOMS OF XPUB x P ~ w  SPU, x NS - xP~s/  s P ~ s  x N, 
atoms of isotope x in the blank 

measured ratio of isotope x and s in the mix 

measured ratio of isotope x and s In spike 

spike isotope either z4*Pu or 2aPu 

atoms of spike isotope s added to the mix 
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A continuing evaluation of the plutonium blank is conducted by performance of two 
additional tests. These are the loading blank and the process blank 

Loading Blank - The loading blank tests the quality of all reagents used to mount the 
sample for mass spectrometnc analysis One nanogram of *4*Pu spike is electrode- 
posited using our standard sample mounting procedure and analyzed mass spectro- 
metncally. If reagent contamination is detected, the reagents are replaced and the 
loading blank is repeated until reagent punty IS restored 

Process Blank - An aliquot of type 1 reagent grade water is spiked and processed 
through the entire separation scheme in parallel with each sample batch The process 
blank must be no more than 10% of the desired detection limit If contamination of the 
process blank is observed, the entire group of samples prepared with that blank must 
be rejected and new aliquots reprocessed 

0. Sample Mounting Procedure 

The mounting of the previously purified plutonium is accomplished by electrodeposition 
of the plutonium with a small quantity of platinum A larger quantity of platinum is then 
electrodeposited over the plutonium to provide a diffusion barrier which dissociates plu- 
tonium molecular species and provides high ionization efficiency 

Reagents for the sample mounting procedure include 

1 
2 
3 
Corporation The .01 g/ml platinum concentration in the solution is diluted to 5mg/ml 
with 1 5M HCI for this process 

1 5 MHCI for dissolution of the purified sample 
1 5 MNH,CI buffered to pH 2 7 
Platinum DNS This IS a propnetary solution supplied by Johnson Mathey 

The pH adjustment of the NH4CI is accomplished by bubbling pure ammonia through 
1 5M HCI. The use of ammonium hydroxide IS not recommended due to the presence 
of traces of colloidal silica which significantly reduce electrodeposition efficiency 

Detailed Sample Mounting Procedure 

1. 
2. 

3. 
4. 
5. 
6 

Assemble the electrodeposition apparatus 
Pipette 100 ul of 1.5 MNH4CI and 10 ul of 1 5M HCI into the 13 x 100 mm quartz 
tube containing the punfied plutonium sample 
Warm the solmon under a heat lamp for 2 minutes 
Transfer the solflion to the filament on the electrodeposition apparatus 
Electrolyze for 30 minutes at 3 5V. 
Reduce the plating voltage to 3V and add 5 ul of platinum DNS solution (25 ug of Pt) 
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7. Electrolyze for 20 minutes at 3V 
8. With the plating voltage at 3V nnse the electrolyte from the filament with deion- 

ized water. 
9. Remove the filament from the plating apparatus and rinse thoroughly with deion- 

ized water and then with acetone that has been distilled in glass 
10. Dry the filament at 35OOC under a heatlamp (This will require a filament current 

of 1.25 amps for 5 minutes ) 
11. Place the filament into the filament Carner for insertion into the mass spectrome- 

ter 

E. Mass Spectrornetrk Analysis 

The heating pattern for analysis of plutonium has been experimentally determined to 
provide maximum stability and the most reproducible fractionation with a loading of 1 
nanogram (-2 3 x 1012 atoms) The heating pattern is shown in Table I1 

Table II - 
Optimized Heating Pattern for Pu 

Time (rnln) Filament Temp. C.' 

0 
2 
4 
6 
0 
10 
12 
20 
30 

60 

1000 
1100 
1200 
1300 Begin search 
1350 Optimize ion source 
1400 Tuning 
1450 Start base line 
1450 acquisition on 
1450 bases of interest 

1450 Data acquisition 
should be complete 

'Filament temperatures measured by 2 color pyrometer 

2. Baseline Measurement 
Baselines are taken at half masses 238 5,239 5 and 241 5 

3. Data Acquisition 
collect at least 4 sets of ratios for ~~~PUPPU 

4. Take baselines at 239.5,240.5 and 241 5 
collect at least 4 sets of ratios for *4OPu/242/Pu 

5 The mass spectrometer computer readout will provide the mean 239Pu/242Pu 
and 24oPu/242Pu ratios corrected for dead time and fractionation 
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6. Calculate total atoms of spike added from equation 6 
7. Calculate the total atoms of 239Pu and 242Pu from equations 7 and 8 
8 Calculate concentration of 239Pu and *40Pu using equation 9 
9 Calcutate pci 2 3 9 ~ ~  from equation 10 
10 Calculate pci 240Pu from equation 1 1. 

Equation 6 

where Ns= Number of atoms of the spike 
isotope added to the sample 
Wt of spike solution added 
Atoms of spike isotope per 
gram of spike solution 

WTs = 
cs = 

Equation 7 

N239 = (RgM x Ns) - (R9s NS) where N239 = Atoms of 239Pu in sample 
R9M - Measured 239Pu/242Pu 

R9S = Z ~ ~ P U / ~ ~ ~ P U  in spike 
in mix 

Equation 8 

where N240 = Atoms of 24% in sample 

in mix 
24oPu/242Pu in spike 

N240 = (R4M NS) - R9S Ns) 
RgM = Measured *40Pu/242Pu 

R4S = 

Equation 9: 

Cx - Nx/Sample wt. 

Equation 10: 

pCi/g 239Pu = Cd4 0606 x 10'0 

Equation 11 : 

pCi/g 240P~ L C d l  1048 x 10" 

where Cx= Concentration of isotope x 
N, = Atoms of isotope x in sample 
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Appendix 7 

Mass Spectromemc Measurements of Plutonium 

These are the plutomium results for the monthly sampling of pond C2 

Special Analyses of C Pond Water for Poker and Essington Study 

51 



I 
Appendiv 7 

Mass Specuometnc Measurements of Plutonium 

These are the plutonium results for the monthly sampling of the effluent from the water 
treatment plant 

LIA = Sample lost in analyses 
** This sample was traced with 243Am The plutonium value reported has been 
corrected for the 239Pu contnbution from the 243Am tracer 239Pu IS the alpha decay 
product of 243Am 
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Mass Spectromemc Measurements of Plutonium 

VALUE 
Pu pca 

__ 
0 0024 1 monthly 1 - 
0 001 1 I monthly 
0 0012 I monthly -~ 
0 0041 I monthly I 
0 0009 I monthly 
0 0023 I monthly - 
0 0016 monthly 
0 01 99 monthly 
0 0029 monthly 
0 0041 monthly 
0 0059 monthly 
0 0026 monthly 
0 0025 monthly 
0 0022 monthly 

These are the plutonium results for the monthly sampling of pond A4 
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TEST MEASURED DATE TASK # P R F  SAMPLE 
SAMPLED 0 SAMPLE# SUE SAMPLE VALUE 

N COLLECTED SIZE PupCVL 

\ppsndi\ 7 

COMMENT 

Mass Specttomemc Measurements of Plutonium 

These are the plutonium results for the monthly sampling of pond B5 
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Appendiv 7 

Mass Spectromemc ,Measurements of Plutonium 
1 

t 

5 
f 

57 

These were a senes of special samples that were filtered at RFP as part of their 
remediation studies The plutonium concentrations reported above are the 
concentrations in the water after filtration 
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Appendiu 7 

Mass Spectromemc Measurements of Plutonium 

01 -07-92 A 4 3  1 C2 SW6018lWC 2 
01 -24-92 A 4 3 1  C2 SW60181WC 2 1 23 10+9 2 07 10+9 STABILIN STUDY 

03-31 -92 ~ 4 3  i c7 swfiniRiwc 7 

These samples of Pond C2 water were traced with *44Pu to study long-term stability of 
samples in storage Plutonium values are reported in atoms instead of pCi/L 
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,11-08-91 A 4 2 3  LB I NIA < 0001 Loading Blank 
12-10-91 A 4 2 3  LB I NIA < 0001 Loading Blank 

,01-09-92 A 4 2 3  LB I NIA < 0001 Loading Blank 
01-14-92 A 4 4 3  LB I WA < 0001 Loadinq Blank 

DATE 
SAMPLED 

08-27-91 
09- 10-91 
10-1 1-91 
11 -1 1-91 
12- 19-91 
01-21-92 
02-06-92 
02-26-92 
03-1 2-92 
03-26-92 
04-1 2-92 
04-27-92 
04-27-92 
06-25-92 
07 31-92 

Mass Spectromemc Measurements of Plutonium 

Process Blank 

110-02-91 1 A 4 2 3  I LB I NIA I < 0001 I Loading Blank I 

These are the results for the TlMS loading blank and the reagent 
blanks that were run concurrently with the monthly pond water samples 
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I DATE TASK t LANL TEST MEASURED 
SAMPLED SAMPLE# SAMPLE VALUE 

2e: : : r*  , 
SIZE 

(Lners) 
06-23-92 A 4 4 2  2431 0001 00040 
06-23-92 A 4 4 2  2432 0005 00027 
06-23-92 A442  2433 10010 00027 

I- 
i Mass Specaomemc Measurements of Pluronium 

These samples are aliquots of the 243Am tracer that were analyzed to determine the 
239Pu concentration in the 243Am tracer that was prepared for use as an isotope 

reported in this table are the concentrations of plutonium in the americium tracer 
I dilution tracer for determtntmg the amencium content of the ponds at RFP The values 
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Mass Specuomemc Measurements of Plutonium 

These samples were traced wrth 243Am The plutonium values represent the ongmal 
plutonium content of the sample plus the plutonium content of the 243Am tracer These 
samples were analyzed as part of the development project designed to decrease the 
time required to obtain amencium analyses 
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+BL5 2BWBFW 
12-13-91 A4 3 1 C2 RC2-2R456 1341 0 1270 AMlped b r  Task B 

+RC2- 
- 2 R450FW 

Mass Spectromemc Measurements of Plutonlum 

' 5  I * *  

DATE TASK x LANL TEST MEASURED COMMENT 
SAMPLED SAMPLE 1 SAMPLE VALUE 

12-13-91 A4 3 1 C2 RC2-2R2 8 58 00111 Anatyzea tor Task B 
12-13-91 Ad 3 1 C2 RC2-1 CW 6 38 0 0020 Analyzed tor T8sk B 

,12-13-91 A4 3 1 C2 RC2-1 F2-10 I O 6 1  0 0043 Analyzed tor Task B 
12-13-91 A43 1 N* 33- 11 13 00001" AnUyzeO b r  Task 8 

These samples were analyzed in support of Task B 

Samples have been through treatment for Poker and Essington's speciation studies 
The pCi/L values reported in this table are the amount of activity detected in the treated 
waters which have been concentrated The values are not the onginal plutonium 
contents of the pond C2 water samples 

** This sample was a field blank consisting of deionized water It was processed in the 
field using the same techniques used to collect the water samples analyzed in the 
speciation study. 

"'Sample RC2-1 .F10 was lost in analyses It was replaced by sample RC2-4 F10 

**** Sample RC2-1 .F2-3 was lost in analyses It was replaced by sample RC2-1 F2-2 

' i  
J 
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' DATE TASK # LANL SAMPLE TEST MEASURED COMMENT 
SAMPLED SAMPLE # SIZE SAMPLE VALUE 

COLLECTED SIZE Pu pCI/L' 
LITERS (Lflers) 

0 00003 Andpea t o r  Tasn B 
-03-18-92 A4 3 1 RE1 0603 9 00 9 00 0 00002 Arulyzed lor Task B 
04-27-92 A43 1 RE 1 0604 9 00 9 00 0 0002 Analyzed lor Task B 

02-26-92 A4 3 1 RE1 0602 9 00 9 00 

Mass Spectromemc Measurements of Plutonium 

These samples were analyzed in support of Task 6 

These are 9L deionized water samples that were run as processing blanks for the 
Poker and Essington speciation studies 

-. 
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- 
DATE TASK It P LANL TEST MEASURED COMMENT 
SAMPLED 0 SAMPLE# SAMPLE VALUE 

N SIZE Pu &I' 

I: 
i 

01-21-92 
01-21-92 
01-21-92 

Mass Specuomemc Measurements of Plutonium 

0 (Lders) 
A43 1 C2 RC2-1 R10 N/A 0 2060 Analyzea tor Tasrc B 
A431- C2 RC2-2R10 N/A 0 0714 Awpw tor Task B 
A43 1 C2 BL-5R10 MA 0 0016 AnaIyzod for Task B 

I I I t I I I I I I 1 
These samples were analyzed in support of Task B 

'These samples were filters submitted by Poker and Essington The activity reported 
above is the total amount of plutonium detected on the filter 
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R F  
SAMPLE 0 

SW601193WC 
SW601193WC 
SW601193WC 
SW601193WC 
SW601193WC 
SW601193WC 
SW601193WC 
SW601193WC 

Mass Specuomemc iMeasurements of Plutonium 

SAMPLE 
SIZE 
COLLECTED 
LITERS 
227 
227 
227 
227 
227 
227 
227 
227 

SW601193WC 
SW601193WC 
SW601193WC 
SW601193WC 
SW601193WC 

P I  
ID # 

227 
227 
227 
227 
227 

2-31 0 
3-31 1 
3-312 
2-291 
3-294 

TEST 
SAMPLE 

SIZE 
(Lrten) 
0 05 
0 05 
0 05 
0 07 
0 5  

MEASURED 
VALUE 1 Pu PCI/L 

192 3 
3 0171 
32115 
0 7516 
0 0179 
2 9858 
0 9039 
1 0642 
0 2170 
994 9 
548 4 
336 9 
121 4 
0 3390 

These samples were traced with plutonium and processed in support of Task C 

The plutonium concentrations reported in this table are the amounts of plutonium 
remaining after treatment They are not the amounts of plutonium onginally in the C2 
pond water samples 
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Mass Spectromemc Measurements of Plutonium 

These samples were traced with plutonium and processed in support of Task C 

The plutonium concentrations reported tn this table are the amounts of plutonium 
remaining after treatment They are not the amounts of plutonium onginally in the C2 
pond water samples 

64 



DATE 
SAMPLED 

12-1 3-91 
12-13-91 
12-13-91 
12-13-91 
12-13-91 
1 2- 13-91 
12-1 3-91 

, 12-13-91 
12-1 3-91 
12-1 3-91 

TASK 0 TEST 
SAMPLE 

SIZE 
(Lnen) 
1 0  
1 0  
1 0  
1 0  
1 0  
1 0  
1 0  

4 3 2  
4 3 2  
4 3 2  
4 3 2  
4 3 2  
4 3 2  
4 3 2  
4 3 2  
4 3 2  
4 3 2  

MEASURED 
VALUE 

PupCVL 

0 0090 
0 0189 
0 0206 
0 0040 
0 0474 
0 0371 
0 0086 

Appendix 7 

Mass Specuomemc Measurements of Plutonium 

P 
0 
N 
D 
C2 
C2 
C2 

R F  SAMPLE 
SAMPLE# SIZE 

COLLECTED 
LITERS 

SW601193WC 227 
SW601193WC 227 
SW601193WC 227 

C2 
C2 
C2 
C2 
C2 

P I  
ID # 

SW601193WC 227 
SW601193WC 227 
SW601193WC 227 
SW601193WC 227 
SW601193WC 227 

4-321 -2 
6-321 -2 
3-321 -1 
4-321 -1 
6-321-1 
7-321 -1 
1-321 
7-320-2 
FIB10414 
RB10415 

WA 1 SW601193WC 
WA I SW601193WC 

227 
227 

'These samples were traced with plutonium and processed in support of Task C 

The plutonium concentrations reported in this table a;e the amounts of plutonium 
remaining after treatment They are not the amounts of plutonium onginally in the C2 
pond water samples 
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DATE 
SAMPLED 

I ;  
i 

TASK # P R F  
0 SAMPLE# 
N 

Mass Spectromemc Measurements of Plutonium 

12-13-91 
D 

4 3 2  C2 SW601193WC 
LITERS 
227 

C2 SW601193WC 

(Lden) 
2-345 2 97 

I I I 

12-13-91 4 3 2  227 

SW601193WC 

3-346 2 88 

I I I I 

227 

',,, SAMPLE 

COLLECTED SIZE 

3-347 2 96 

227 

227 12-349 I s 1 1  

3-348 2 96 

MEASURED 
VALUE 1 Pu PCVL 

-1 
0 0081 -1 

'These samples were traced with plutonium and processed in support of Task C 

The plutonium concentrations reported in this table are the amounts of plutonium 
remaining after treatment They are not the amounts of plutonium onginally in the C2 
pond water samples. 
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', 

Mass Spectromemc Measurements of Plutonium 

DATE TASK # P R F  SAMPLE TEST MEASURED Pu 
SAMPLED 0 SAMPLE# SIZE SAMPLE VALUE Am 

N COLLECTED SIZE Pu pCVL U 
D LITERS (Llters) 

08-13-92 4 3 2 C2 SW60262WCl 9 5  2 0  0 0519 Pu 
,08-13-92 4 3 2 C2 SW60261WC2 9 5  2 0  0 0405 Pu 
,08-13-92 4 3 2 C2 SW60261WCl 9 5  2 0  0 OS02 Pu 

-08-13-92 I 4 3 2 C2 SW6026OWCl I 9 5  1 2 0  0 0549 Pu 
08-13-92 I 4 3 2 I C2 SW60262WC2I 9 5  1 2 0  0 0539 I Pu 

Pu 08-13-92 I 4 3 2 C2 SW60260WC2I 9 5  1 2 0  0 0358 

These samples were analyzed as part of a depth profile study of Pond C-2 The 1 
affixed to the R F. Sample # denotes the first aliquot analyzed, the 2 affixed to the R 
F Sample # denotes the second aliquot analyzed The Pu pCi/L values are the values 
observed in aliquots of three water samples collected from pond C2 on August 13, 
1992 
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Sample Number Pond 

sw6017 1 wc 
sw6017 1 w c  
sw60171wc 
SW602 14WC 
sw 602 1 4 w c  
SW60226WC 
SW60226WC 
s w6025 3 w c  
sw60253wc 
sw60172wc 
sw60172wc 
sw60172wc 
sw60215wc 
sw602 I SWC 
sw 60227wc 
sw60227wc 
sw60234wc 
sw60234wc 
sw60252wc 
sw60252wc 
sw60173wc 
sw60173wc 
sw60173wc 
SW60216WC 
S W 602 1 6WC 
SW60228WC 
SW60228WC 
sw602s1wc 
sw60251wc 
SW60161 WC 
SW60161WC 
SW6Ol61 WC 
SW60165 WC 
SW60165WC 
SW60165WC 
SW60167WC 

A1 
A1 
A1 
A1 
A1 
A1 
A1 
A1 
A1 
A2 
A2 
A2 
A2 
A2 
A2 
A2 
A2 
A2 
A2 
A2 
A3 
A3 
A3 
A3 
A3 
A3 
A3 
A3 
A3 
A4 
A4 
A4 
A4 
A4 
A4 
A4 

Alpha Spectroscopy Results 

Date Collected Isotope Alpha Results Analytical Uncenamty 

11/14/91 
11/14/91 
11/14/91 
mol92 
u20/92 
511 1192 
5/11/92 
811 1/92 
8/11/92 
11/14/91 
11/14/91 
11/14/91 
2/20/92 
mol92  
5/11/92 
5/11/92 
6/16192 
6/16/92 
8/11/92 
8/11/92 
11/14/91 
11/14/91 
11/14/91 
2/20/92 
m/92 
5/11/92 
5/11/92 
811 1192 
8/11/92 
9/10191 
9/10/91 
9/10/91 
10/15/9 1 
10/15/9 1 
lO/l5/9 1 
1 1/11/91 

Amencium-24 1 
Plutonium-2 3 8 
Plutonium-239 
Plutonium- 23 8 
Plutonium-239 
Plutonium-2 3 8 
Pluton~um-239 
Plutonium-238 
Plutonium-239 
Amencium-24 I 
Plutonium-238 
Plutonium-239 
Plutonium-23 8 
Plutonium-239 
Plutonium-238 
Plutomum- 2 39 
Plutonium-238 
Plutonium- 2 3 9 
Plutonium-238 
Plutomum- 239 
Americium-24 1 
Plutomum-238 
Plutonium-239 
Plu tonium-238 
Plutonium-239 
Plutomum-23 8 
Plutoruum-239 
Plutonium-238 
Plutonium- 239 
Amencium-241 
Plutomum-23 8 
Plutonium-239 
Ammctum-241 

Plutonium- 23 8 
Americium-24 1 

Plutonium -239 

(PCW 

0 027 
0 003 
0 058 
0 015 
0 271 
0009 
0 016 
0 001 
0 010 
0 017 
0006 
0 029 
0 012 
0 041 
OOOO 
0 005 
0 001 
0 002 
0011 
0009 
0 008 
0 001 
0009 
0 026 
0 005 
0006 
0 010 
0 016 
0 013 
0 001 
0 005 
0 042 
0009 
0 003 
00oO 
0 007 

(PCfi) 

0 003 
0 002 
0 007 
0 005 
0004 
0006 
0009 
0004 
0 003 
0 005 
0 003 
0 003 
0006 
0 008 
0 002 
0 003 
0 001 
0 003 
0 002 
0 008 
0004 
0006 
0006 
0 003 
0 021 
0 003 
0 003 
0 003 
0 003 
0006 
0 003 
0 003 
0 003 
0 002 
0 012 
0 005 
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Sample Number 

S W60167 WC 
S W 60 1 67 WC 
s w60 195WC 
sw60195wc 
s w 602 1 2 w  c 
sw602 12wc  
s w 60207 wc 
sw 60207 w c 
s w 60222 wc 
s w60222wc 
sw6023owc 
sw6023owc 
sw60244wc 
sw60244wc 
sw6025owc 
sw6025owc 
sw60154wc 
sw60154wc 
sw60154wc 
sw60174wc 
sw60174wc 
sw60174wc 
SW60208WC 
S W60208WC 
sw60229wc 
sw60229wc 
SW60229WC 
sw60229wc 
SWbo258WC 
SW60258WC 
sw60175wc 
sw60175wc 
sw60175wc 
sw60209wc 
sw60209wc 
SW60238WC 

r 

Pond 

A4 
A4 
A4 
A4 
A4 
A4 
A4 
A4 
A4 
A4 
A4 
A4 
A4 
A4 
A4 
A4 
A4 
A4 
A4 
B1 
B1 
B1 
Bl 
B1 
Bl 
B1 
B1 
B1 
B1 
BI 
B2 
B2 
B2 
B2 
B2 
B2 

Alpha Spectroscopy Results 

Date Collected Isotope Alpha Results Analytical Uncertainty 

1111 1/91 
1111 1/91 
12/17/91 
1 211 7/9 1 
2/20/92 
2/20/92 
311 7/92 
3/17/92 
4/20/92 
4/20/92 
5/13/92 
511 3/92 
7122192 
7/22/92 
811 1/92 
811 1/92 
8/27/92 
8/27/92 
8/27/92 
11/14/91 
11/14/91 
11/14/91 
2/18/92 
2/18/92 
5/11/92 
511 1/92 
5/11/92 
511 1/92 
8/12/92 
8/12/92 
11/14/91 
1 ll14D1 
11/14/91 
U1W2 
2/18/92 
511 4/92 

Plutonium-238 
Plutonium-239 
PIutonium- 238 
Plutonium-239 
Plutonium-238 
Plutonium-239 
Plutonium-238 
Plutonium-239 
Plutonium-23 8 
P1 u tonium-239 
Plutonium-238 
Plutonium-239 
Plutonium- 23 8 
Plutonium- 2 39 
Plutonium-238 
Plutonium-239 
Amencium-24 I 
Amencium-24 I 
Plutonium-238 
Amencium-24 I 
Plutonium- 23 8 
Plutonium-239 
Plutonium-23 8 
Plutonium-239 
Plutonium-23 8 
Plutomum-238 
PI u tonrum- 2 39 
Plutonium- 2 39 
Plutonrum-238 
Plutonium-239 
Ammaurn-241 
Plutonium-23 8 
Plumniurn- 239 
Plutonium-238 
Plutonium-239 
Plutonium-238 

Poge 69 

(PCI/L> 

0 003 
0 001 
0 003 
0004 
0 007 
0 001 
0 001 
0009 
OOOO 
0 003 
0001 
0 002 
0 005 
0004 
OOOO 
0004 
0 002 
0 002 
0 012 
0 115 
0 019 
0 218 
0 007 
0 292 
0 001 
0 002 
0 039 
0044 
0 010 
0 028 
0 145 
0006 
0 476 
0 016 
0 196 
0 003 

(pcm 

0 005 
0 005 
0 003 
0 003 
0 007 
0004 
0006 
0 007 
0004 
0 005 
0 005 
0004 
0 003 
0 003 
0 005 
0004 
0 005 
0004 
0004 
0004 
0004 
0004 
0 003 
0 005 
0 007 
0 002 
0 005 
0 013 
0 003 
0 003 
0004 
0004 
0 003 
0 003 
0 002 
0 005 



Appendix 8 L: 
I Alpha Spectroscopy Results 

Sample Number Pond Date Collected Isotope Alpha Results Analyucal Uncemnty 

SW60238WC 
sw60257wc 
sw60257wc 
SW60176WC 
SW60176WC 
SW60176WC 
s w m 1 o w c  
sw60210wc 
sw60239wc 
sw60239wc 
sw60177wc 
sw60177wc 
sw60177wc 
sw60211wc 
sw60211wc 
sw60240wc 
sw60240wc 
sw60153wc 
sw60153wc 
sw60153wc 
sw6016owc 
sw60160wc 
sw60160wc 
sw60164wc 
sw60164wc 
sw60164wc 
sw60168wc 
sw60168wc 
sw60168wc 
sw60197wc 
sw60197wc 
S W60198WC 

-.- SW60198WC 
SW60218WC 
SW60218WC 
sw60219wc 

I 

B2 
B2 
B2 
B3 
B3 
B3 
B3 
B3 
B3 
B3 
B4 
B4 
B4 
B4 
B4 
B4 
B4 
B5 
B5 
B5 
B5 
B5 
B5 
B5 
B5 
B5 
BS 
BS 
BS 
BS 
B5 
B5 
B5 
BS 
B5 
B5 

5/14/92 
8/12/92 
811 2/92 
11/14/91 
11/14/91 
11/14/91 
2/18/92 
2/18/92 
5/14/92 
5/14/92 
11/14/91 
11/14/91 
11/14/91 
2/18/92 
2/18/92 
5/14/92 
511 4/92 
8/27/91 
8/27/91 
8/27/91 
9/9/91 
9/9/91 
9/9/91 

10/14/91 
1 011 4/9 1 
1 0/14/9 1 
1111 1/91 
1111 1/91 
1111 1/91 
12/18/91 
12110191 

1/6/92 
1/6/92 
mot92 
m / 9 2  
311 8/92 

Plutonium-239 
Plutonium-238 
Plutonium-239 
Amencium-24 1 
Plu toni urn-2 3 8 
Plutonium-239 
Plutonium-238 
Plutonium- 239 
PI utonium - 2 3 8 
Plutonium-239 
Amencium-24 I 
Plutonium-238 
Plutonium-239 
Plutonium- 23 8 
Plutonium- 239 
Plutonium- 238 
Plutonium-239 
Ammaurn-241 
Amencium-24 1 
Plutonium-238 
Amencium-24 I 
Amencium-24 I 
Plutomum- 23 8 
Amcncium-24 1 
Plutonium -239 

Americium-24 1 
Plutonium- 2 3 8 
Plutomurn-239 
Plutonium-238 
Plutomum-239 
Plutonium- 23 8 
Plutoruum-239 

Plutomum- 2 39 
Plutonium-2 38 

Plutom~n-238 

P l ~ t ~ m ~ m - 2 3  8 

(PCI/L) 

0 031 
0 002 
0009 
0 017 
0004 
0 061 
0 012 
0 286 
0 01 1 
0 035 
0 014 
0 032 
0 042 
0006 
0 032 
0 002 
0 017 
0 005 
0009 
0 014 
0004 
0004 
0 021 
0 003 
0 005 
0 001 
0 010 
0 001 
0 003 
0.004 
0006 
0 002 
0 001 
0 002 
0 016 
0004 

(PCW 

0 005 
0 002 
0 005 
0006 
0 003 
0009 
0004 
0 003 
0 007 
0 008 
0004 
0 003 
0011 
0004 
0009 
0006 
0004 
0 012 
0 002 
0 005 
0004 
0 003 
0004 
0 003 
0 007 
0 008 
0004 
0 002 
0 002 
0 002 
0 032 
0 007 
0 003 
0 005 
0 003 
0 003 
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Sample Number Pond 

sw60219wc 
sw60223wc 
sw60223wc 
sw6023 1 wc 
SW60231WC 
swm235wc 
s w m 3 5 w c  
sw60245wc 
s w # 2 4 w c  
sw60254wc 
sw60254wc 
SW60178WC 
SW60178WC 
SW60178WC 
sw60217wc 
SW60217WC 
s w6024 1 wc 
SW6024 1 WC 
SW60248WC 
SW60248WC 
sw60152wc 
s w 601 59wc 
sw60159wc 
sw601s9wc 
sw60159wc 
sw60159wc 
S W60163 WC 
SW60163WC 
SW60163WC 
sw60169wc 
SW60169WC 

5 SW60169WC 
SW60189WC 
S W60189 WC 
sw602oowc 
sw60200wc 

, 

4 

B5 
B5 
B5 
B5 
B5 
B5 
B5 
B5 
B5 
BS 
B5 
c1 
c 1  
c 1  
c1 
c 1  
Cl 
c 1  
c 1  
c 1  
c2 
c2 
c2 
c2 
c2 
c2 
c2 
e2 
a 
c2 
c2 
c2 
c2 
c2 
c2 
c2 
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Alpha Spectroscopy Results 

Date Collected Isotope Alpha Results Analyucal Uncenrunty 
(PCW (PCW 

3/ 18/92 
4/20/92 
4/20/92 
5/13/92 
5/13/92 
6/16/92 
6/16/92 
7/22/92 
7/22/92 
8/ 1 u92 
8/ 12/92 
11/14/91 
11/14/91 
11/14191 
mol92 
2/20/92 
5/ 14/92 
5/14/92 
8/11/92 
8/11/92 
8/28/91 
9PD1 
9/9/91 
9PP1 
9PB1 
9/9/91 

10/14/91 
1w14/91 
1w14/91 
1111 1191 
11/1 m 1  
11/11/91 
1211u91 
1211u91 
1/6/92 
1/6/92 

Plutonium- 239 
Plutomum-23 8 
Plutonium-239 
Plutonium-23 8 
Plutonium-239 
Plutomum-238 
Plutonium-239 
Plutonium- 238 
Plutonium-239 
Plu tonium-2 3 8 
Plutonium- 2 3 9 
Ammcium-24 1 
Plutonium- 2 3 8 
Plutonium-239 
Plutomum-23 8 
Plutoruum-239 
Plutonium- 2 3 8 
Plutonium-239 
Plutonium-238 
Plutomum-239 
Plutomum-2 39 
Ammcium-24 1 
Amenclum-24 1 
Plutonium- 2 3 8 
Plutomum-238 
Plummum-239 
Amencium-24 1 
Plutonium -239 
Plutomum-238 
Amencium-24 1 
Plutonium-238 
Plutonium-239 
Plutomum-238 
Plutonium- 2 39 
Plutonium-238 
Plutonium- 2 39 
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0 031 
0 010 
0 005 
OOOO 
0006 
0 002 
0 008 
0 007 
0 007 
0 001 
0006 
0 007 
0 001 
0 005 
0004 
0004 
OOOO 
0 005 
0 001 
0 019 
0 066 
0009 
0 014 
0 001 
0 030 
0 055 
0 015 
0044 
0 001 
0009 
OOOO 
0 045 
0 003 
0 084 
0 005 
0 014 

0 005 
0006 
0 025 
0 003 
0 020 
0006 
0 024 
0 002 
0011 
0 003 
0006 
0 005 
0004 
0 007 
0 002 
0 003 
0 003 
0 007 
0 003 
0 003 
0 002 
0 003 
0 005 
0 003 
0004 
0 013 
0007 
0004 
0 002 
0004 
0 003 
0 010 
0006 
0 003 
0004 
0 005 
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SampleNumber -md Date 

sw60213wc c2 
sw60213wc c2 
sw60224wc c2 
sw60224wc c2 
sw60232wc c2 
sw60232wc c2 
SW60236WC c2 
SW60236WC C2 
sw60246wc c2 
SW60246WC C2 
sw60249wc c2 
sw60249wc c2 
sw60152wc c2 
sw60152wc a 
sw60152wc c2 
sw60152wc c2 
SW60162WC STPEFF 
SW60162WC STPEFF 
SW60162WC STPEFF 
SW60166WC STPEFF 
sw60166wc STPEFF 
sw60166wc STPEFF 
sw6017owc STPEFF 
sw60170wc SWEFF 
sw60170wc STPEFF 
SW60196WC S T P m  
sw60196wc STPEFF 
sw60199wc STPEFF 
sw60199wc STPEFF 
sw602o6wc STPEFF 
sw60206wc STPEFF 
SW6OuIWC SVEFF 
SW60221WC STPEFF 
SW60225WC STPEFF 
SW602ZWC STPEFF 
SW60233WC STPEFF 

I 

Alpha Spectroscopy Results 

dlccted Isotope Alpha Results Analyncal Uncertamty 

2/19/92 
2/19/92 
4/20/92 
4/20/92 
5/13/92 
511 3/92 
611 6/92 
6/16/92 
7/22/92 
7/22/92 
8/11/92 
811 1/92 
8/28/92 
8/28/92 
8/28/92 
8/28/92 
9/13/9 1 
9/13/91 
9/13/91 
10/15/91 
lO/l5/9 1 
10/15/91 
1111 1/91 
1 1/11/91 
1111 1/91 
12/17/91 
1U17i91 
1/6/92 
116192 

rn-2 
32692 
3/25/92 
3/25/92 
4/21/92 
4/21/92 
5/13/92 

Plutomum-23 8 
Plutonium- 2 39 
Plutonium- 238 
Plutonium-239 
Plutonium-238 
Plutonium-239 
Plutonium-238 
Plutonium-239 
Plutonium-238 
Plutonium-239 
Plutonium-238 
Plutonium-239 
Amencium-24 1 
Amencium-24 1 
Plutonium- 23 8 
Plutonium-23 8 
Amencium-24 1 
Amencrum-24 1 
Plutonium-238 
Amencium-24 1 

Plutonium-238 
Ammaum-241 

Plutomum- 2 39 
Plutontum-238 
Plutonium-239 
P~U~OIUU~-238  
Plutomum-239 
Plutonrum-238 
Plu tonrum-239 
Plutonium-238 
Plutomum-239 
Plutonium-238 
Plutonium- 2 39 
Plutonium-238 

Plutolllm -239 

Pluto~~um-238 

(pCl/U 

0 002 
0 024 
0 002 
0 073 
0 007 
0 107 
0 001 
0 071 
0 003 
0091 
0 001 
0 036 
0 020 
0 029 
0 002 
0 028 
0 008 
0009 
0 021 
0004 
0004 
0.007 
0 007 
0 008 
OOOO 
0006 
0.OOO 
0 002 
0 002 
0 003 
0 003 
OOOO 
0 005 
0 002 
0 002 
0 001 

( P C W  

0 003 
0004 
0 003 
0 005 
0004 
0 002 
0 003 
0 003 
0 003 
0 003 
0 003 
0011 
0 005 
0 003 
0 003 
0 005 
0 005 
0 005 
0 005 
0 002 
0 003 
0 005 
0 005 
0 003 
0009 
0 002 
0 045 
0 005 
0 002 
0 003 
0 002 
0 002 
0007 
0006 
0004 
0004 
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Appendix 8 

Alpha Spectroscopy Results I 
Sample Number Pond Date Collectcd Isotope AIpha Results Analyacal Uncemnty 

(pcI/L) (PCfi) 

sw60233wc  STPEFF 
SW6023TWC STPEFF 
sw60237wc  STPEFF 
SW60247WC STPEFF 
sw60247wc STPEZF 
SW60259WC STPEFF 
sw6ow9wc STPEFF 
SW60155WC STPEFF 
SW60155WC STPEFF 
sw60155wc  STPEFF 

511 3/92 
6/25/92 
6/25/92 
7/22/92 
7/22/92 
811 u92 
8/12/92 
8/27/92 
8/27/92 
8/27/92 

Plutoruurn-239 
Plutonium-23 8 
PlutoNum- 239 
Plutonium- 2 3 8 
Plutonium- 239 
Plutonium- 23 8 
Plutomum- 2 39 
Amtncium-24 1 
Amencium-24 1 
Plutonium- 23 8 

0 001 
0 002 
0 002 
0004 
0004 
0 007 
0 001 
0 002 
0006 
0 010 

0 007 
0004 
0 005 
0 002 
0 003 
0 005 
0 010 
0004 
0 014 
0 036 
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I QAJQC Results for A l p h  Specuoscopy 

13332 
1250s 
12% 
12507 
12508 
12669 
12670 
12509 
12510 

12286 
13072 
13070 
13071 
13073 
13250 
13247 
13249 
13998 
1398 
13998 
13999 
13247 

I 2668 

224 

1 A 

1 4  

0 351 
2 77 
14 

232 
0 952 
181 

429 
429 
0 146 
0.215 
0.146 
3.4 1 

0 643 
0 917 
0.221 
0215 

zn 
277 

o 458 

I ai 

0 104 
0 14 
008 
0 14 
008 

0 0595 
0 0502 
0 14 
008 
0 12 
OW 
0 0771 
00771 
0 164 
0 164 
0 0202 
0 0178 
0 0202 
0 186 
0 OS3 
0 042 
0 016 
0 0178 

2 20 
2 62 
I 3 4  
2 62 
I 3 4  
044 
0 3  
2 62 
134 
2 06 
0 87 
175 
175  
4 45 
4 45 
0 14 
0 23 
0 14 
3 5  

039 
104 
024 
023 

004 
0 14 
0 02 
0 14 
0 02 
0 02 
0 005 
0 14 
0 02 
0 05 
004 
009 
009 
008 
008 
0 003 
000, 
0 003 
0 18 
0 01 
0 02 
0 01 
0004 

Under Conuol 
Under Conuol 
Under Conuol 
Under Control 
Under Conuol 
Under Conuol 
Under Conuol 
Lnder Conuol 
Under Control 

Warning 2-3 Sig 
Under Control 
Under Control 
Under Conuol 
bnder Conuol 
Unda Couuol 
Under Convol 
under Control 
Under Convol 
Under Control 
Unda Control 

Wmmg 2-3 Sig 
undaconvol 
unda Control 



Appendix 10 r 
, Samples A n a l p d  by Both Alpha Spccwoscopy and TlMS 

L165WC 
j7WC 

Q7207wc 
212wc 

6u222wc 
'9230WC 

0244wc 
w6025owc 
l"'60164WC 

60168wc 
sw60197wc 
"Y60198WC 
W602 18 WC 

sw60219wc 
",60223WC 
sw60231 we 
sw60235wc 
sw60245wc 
sw6o2s4wc 
s w60152wc 
s w60159 wc 
S W60163 WC 
sw60169wc 
SW60189WC 
sw602oowc 
sw60213 wc 
sw60224wc 
sw60232wc 
SW60236WC 
sw60246wc 
swm249wc 
sw60166wc 
SW#)l9OWC 
SWbOl%WC 
sw60199wc 
SW602€l6WC 
sw60221wc 
sw60225wc 
sw60233 wc 

uA95Wc 

I 

A4 
A4 
A4 
A4 
A4 
A4 
A4 
A4 
A4 
BS 
B5 
BS 
B5 
B5 
B5 
B5 
BS 
B5 
B5 
B5 
c2 
c2 
c2 
c2 
c2 
c2 
c2 
c 2  
c2 
c2 
c2 
c2 

Dare CoUecttd 
10/15/91 
11/11/91 
12/17/91 
3/17/92 
WOB2 
4/20/92 
5/13/92 
7/22/92 
8/11/92 
10/14/91 
11/11/91 
12/18/91 
1/6/92 
2/20/92 
3/18/92 
4/20/92 
5/l3/92 
6/16/92 
7/22/92 
w1m2 
8/28/92 
9/9/91 
10/14/9 1 
11/11/91 
12/12/91 
1/6/92 
2/19/92 
4/uv92 
5P3192 
6nW2 
7/22192 
8/llA2 

mm 10/15/91 
STPEFF 1 l/l1/91 
STPEFF 12(17/91 

sTPEFFu26192 
STPEFF 3/uIp2 
STPEFF 4/21/92 
STPEFF 5/13/92 

sTPm 1/6/42 

MS Results (pCdI-1 
0 0012 +/- 0 oO06 
0,0041 +/- 00010 
0.o009 +/- 0 0007 
0 0199 +/- 0 0012 
0 oO16 +/a 0008 
0 0029 +/- 0 0007 
o 0041 +/- o 0010 
0 0026 +/- 0 0007 
0 0025 +/- 0.0 007 
0 0032 +/- 0 0008 
0 0055 +/- 0 0014 
0 0038 +/- 0 0010 
0,0082 +/- 0 ms 
00067+/-00017 
0 0243 +/- 0 0015 
0 0036 +/- 0 OOO9 
0 004 o+/- 0 0010 
0 0077 +/- 0 0019 
0 0022 +/- 0 0010 
0 0053 +/- 0 0013 
0 0436 +/- 0 0026 
0 0396 +/- 0 0024 
0 0475 +/- 0 0029 
0.0304 +/- 0 0018 
0 0209 +/- 0 OO13 
0 0126 +/- 0 0008 
0,0202 +/- 0 0012 
0.0510 +/- 0/0031 
0 0966 +/* 0 0029 
0.0623 +/- 0 0037 
0.0799 +/- 0.0048 
0 0342 +/- 0 0021 
0 0027 +/- 0 0014 
0.0008 +/- 0 0008 
0.0015 +/- 0,0008 
0 0036 +/- 0 0009 
0 0013 +/- 0 OOO7 
0.0025 +/- O.ooo6 
o.Oo05 +/- 0 oO09 
0.0018 +/- 0 OOO9 

Alpha Results (pCdL) 
0 003 +/- 0 002 
0 001 +/- 0 002 
0 004 +/- 0 002 
0009 +/-om 
0 001 +/- 0 003 
0 003 +/- 0 003 
0 002 +/- 0 003 
0 004 +/- 0 003 
0 004 +/- 0 003 
0 005 +/- 0 003 
0 003 +/- 0 003 
0 006 +/- 0 003 
0 001 +/- 0 003 
0 016 +/- 0 005 
0 031 +/- 0 006 
0 005 +/- 0 009 
0 006 +/- 0 003 
0 008 +/- 0 004 
0 007 +/- 0 003 
0 006 +/- 0,004 
0 066 +/- 0 009 
0 055 +/- 0 009 
0 044 +/- 0 007 
0 045 +/- 0 008 
0 084 +/- 0 01 1 
0 013 +/- 0 005 
0 024 +/- 0 008 
0073+/-0 011 
0 107 +/- 0 013 
0 071 +/- 0 010 
0 091 +/- 0 013 
0 036 +/- 0 007 
0,004 +/- 0.04 
0 Qoo +/- 0 002 
0 OOO +/- 0 003 
0 002 +/- 0.005 
0.003 +/- 0 003 
0 005 +/- 0 003 
0 002 4- 0.002 
0 001 +/- 0 002 
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